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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a compressed code 
5 decoding device used in AV ( audio visual ) equipment for 

decoding and reproducing compressed video signals and audio 
signals in synchronization with each other. The present 
invention also relates to an audio signal decoding device for 
decoding encoded audio data in multiple channels based on a 
10 standard such as MPEG 2 so as to obtain a decoded audio 
signal . 

2. DESCRIPTION OF THE RELATED ART: 

In the field of video and audio equipment, CD players 
15 and VTRs have become widespread in recent years, and thus 
there is an increasing demand for large screen display and 
reproduction of realistic images and sounds for enjoying 
musics and films at home. In an attempt to satisfy such a 
demand, media containing video and audio signals have been 
20 developed such as DVDs . Meanwhile, methods for compressing 
signals to be stored on such media have been developed in 
order to store a large amount of video and audio signals on a 
single medium. For example, known methods for compressing 
audio signals include MPEG Audio and Dolby® AC-3. 

25 

In order to obtain such compressed codes, an audio 
signal is divided into "blocks" each of a certain length of 
time, and the signal is compressed by blocks. Then, a certain 
number of the blocks are grouped together to form another unit 
30 called a "frame". Each frame is provided with additional data 
for distinguishing the frame from others in the decoding 
process. The decoding device typically performs a decoding 
process by frames. 
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Moreover, a number of frames are grouped together to 
form a "packet" . Each packet contains time data for each of 
the frames in the packet indicating when to reproduce the 
decoded signal of the first block in the frame. The decoding 
5 device externally outputs a decoded signal, obtained by 
decoding a compressed signal of the block, in accordance with 
the time data. The time data is used mainly for reproducing 
video and audio signals in synchronization with each other. 

10 Hereinafter, a conventional device for decoding 

compressed codes will be described with reference to the 
accompanying figures. Figure 44 is a block diagram 
illustrating an exemplary configuration of a conventional 
device for decoding compressed codes. 

15 

In Figure 44, a decoding circuit 402 receives and 
decodes compressed audio codes which are input by frames 
via an input terminal 401. An output buffer 403 
temporarily stores the decoded audio signals. An output 
20 circuit 404 externally outputs the audio signals stored 
in the output buffer 403. 

In such a configuration, compressed codes are 
first input by frames to the input terminal 401. The 

25 codes are input by frames because frames are made 
distinguishable from one another as described above. The 
codes contained in a frame is decoded by the decoding 
circuit 402 using a decoding method in conformity with 
the used compression method so as to form an audio 

30 signal. The audio signal is temporarily stored in the 
output buffer 403. When decoding of one frame is com- 
pleted, the audio signals are externally output via the 
output circuit 404. At this point of time, the next 
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frame of codes is input to the input terminal 401, 
decoded by the decoding circuit 402 , and then written in 
the output buffer 403. Such a process is repeated for 
decoding the compressed codes. 

5 

However, the conventional device does not repro- 
duce the audio signals in synchronization with other 
signals such as video signals and timer signals which 
serve as reference time for reproduction, but merely 
10 outputs the audio signals at a separate timing. There is 
also a problem that a storage capacity as large as one 
frame is required for the output buffer. 

Moreover, in order to perform calculations for 
15 decoding coded signals, a memory capable of high-speed 
access is needed as a memory for temporarily storing 
coded signals to be calculated. Such type of memory is 
expensive, and there has been a strong demand for reduc- 
ing the required storage capacity for the memory, 

20 

The necessity for such a high-speed access memory 
will be described in detail in connection with MPEG2, for 
example. 

25 In accordance with the MPEG audio algorithm, the 

coding device divides an audio signal before band com- 
pression into 32 bands of sub-band signals by using a 
sub-band analysis filter bank. The division into the 
sub-band signals is performed by, for example, a 512-tap 

30 polyphase filter ( PFB ) , in the following steps (l)-(3): 

(1) perform the following calculation for 512 samples of 
input signal, X0 ... X511: 



10 



15 
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Zi=CixXi ... (1); 

(2) calculate periodic addition signals Yi based on the 
following expression (2): 

7 

Y i = E Z 6 4 j + i . . . ( 2 ) ; and 

i =0 

(3) calculate sub-band samples Si based on the following 
expression ( 3 ) : 

6 3 

Si=E Yk'cos (2 i + 1) (k-16) tt/64 ... (3). 

k - 0- 

The sub-band samples Si are referred to as sub- 
band signals . 



Moreover, at the decoding device , each time 32 
sub-band samples are inverse-quantized for each channel, 
the 32 audio samples Si are processed by the synthesis 
filter bank in the following steps based on the following 
20 expressions (4)-(7): 

(4) calculate Vi by frequency-shifting the 32 sub-band 
samples Si based on the following expression (4): 

3 1 

25 Vi- E Sk-cos(2i+l) (1+16)71-/64 ...(4) 

k = 0 

(5) obtain the series Ui of 512 samples by switching the 
order of Vi base on the following expression (5): 

30 U64i+j-V128i+j 

U64i+32+j=V128i + 964-j ... (5); 



(6) calculate Wi by multiplying the series Ui of the 
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samples by the impulse response based on the following 
expression ( 6 ) : 

Wi=UixDi ... (6); and 

(7) obtain output signals Sj by periodic addition as in 
the following expression ( 7 ) : 

1 5 

S j = £ W 3 2 i + j ...(7). 

i - 0 

In the above calculation process, the data Vi and 
Ui are referred to as sub-band synthesis filter data 
while the output signal Sj is referred to as PCM data. 



15 The decoding process based on the expres- 

sions (4)-(7) is performed by a conventional decoding 
device 500 as illustrated in Figure 45. 

The decoding device 500 includes a memory sec- 
20 tion 510 and an operation section 520. The operation 

section 520 includes a sub-band signal generation sec- 
tion 521 and a sub-band synthesis section 522, and 
decodes n channels of input coded signals into respective 
sub-band signals and performs sub-band synthesis filter 
25 operation for the sub-band signals for each channel so as 
to generate and output audio signals. The memory sec- 
tion 510 is formed of a high-speed access memory such as 
an SRAM and includes memory areas 511 to 514 for storing 
the sub-band synthesis filter data and a memory area 515 
30 for storing the sub-band signals. 



The decoding device having such a configuration 
operates as follows. When the coded signals are first 
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input to the operation section 520 , the sub-band signal 
generation section 521 decodes the coded signals into 
sub-band signals and temporarily stores the sub-band 
signals in the memory area 515. Then, the sub-band 
5 synthesis section 522 reads the sub-band signals from the 
memory area 515 and performs sub-band synthesis filter 
operation for the sub-band signals, so as to generate and 
output audio signals, 

10 The sub-band synthesis filter data in the memory 

areas 511 to 514 is partially updated by the sub-band 
synthesis filter data generated from the sub-band signals 
in the memory area 515* Accordingly, the operation 
section 520 needs to read the sub-band synthesis filter 

15 data from the memory section 510 when performing the sub- 
band synthesis filter operation and write again the sub- 
band synthesis filter data to the memory section 510 
after the operation. 

20 The memory section 510 needs to be a memory 

capable of high-speed access. In the case where the 
decoding device 500 corresponds to multiple channels, 
e.g., four channels, the memory section 510 needs to have 
four memory areas 511 to 514 so as to store sub-band 

25 synthesis filter data for the four channels. 

A high-speed access memory such as an SRAM used 
for the memory section 510 needs to have a sufficiently 
large memory capacity to retain the sub-band synthesis 
30 filter data for at least four channels, for example, in 
order to perform real-time reproduction of four-channel 
data. Such a memory, which is generally expensive, 
significantly increases the cost of the audio decoding 
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devices . 

SUMMARY OF THE INVENTION 

5 According to one aspect; of this invention, a 

compressed code decoding device includes: a decoding 
section for receiving a plurality of groups of blocks of 
compressed codes and decoding each of the blocks of 
compressed codes; a buffer section for storing decoded 

10 signals decoded by the decoding section; a reproduction 
time acquisition section for acquiring a reproduction 
time at which to reproduce a predetermined one of the 
blocks; an output section for externally outputting the 
decoded signals stored in the buffer section; a detection 

15 section for detecting that the predetermined block of 

compressed codes has been decoded and output via the 
output section; an addition section for, at a time when 
the detection section detects that the predetermined 
block has been output , adding a time required for 

20 reproducing the predetermined block to the reproduction 
time acquired by the reproduction time acquisition 
section so as to produce a synchronization time; a 
synchronization section for comparing the synchronization 
time produced by the addition section and a current time 

25 so as to determine whether the synchronization time is 

ahead of or behind the current time; a code discarding 
section for, if the synchronization section determines 
that the synchronization time is ahead of the current 
time, discarding either compressed codes of one of the 

30 blocks next to the predetermined block or compressed 
codes of one of the groups next to the group including 
the predetermined block; and a reproduction delay section 
for, if the synchronization section determines that the 
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synchronization time is behind the current time, delaying 
output of either decoded signals of the compressed codes 
of one of the blocks next to the predetermined block or 
decoded signals of the compressed codes of one of the 
5 groups next to the group including the predetermined 
block . 

In one embodiment of the invention, the 
synchronization section includes a timer for timing a 
10 clock and compares the synchronization time with an 
output from the timer as the current time. 

In another embodiment of the invention, the 
synchronization section compares the synchronization time 
15 with a video reproduction time as the current time, the 
video reproduction time being provided to a video signal 
which is reproduced in synchronization with the decoded 
signal . 

20 In still another embodiment of the invention, the 

synchronization section compares the synchronization time 
with a reference reproduction time as the current time, 
the reference reproduction time being provided to a code 
other than the decoded signal. 

25 

In still another embodiment of the invention, the 
synchronization section compares the synchronization time 
with the current time by determining whether the syn- 
chronization time is ahead of or behind the current time 
30 based on whether a value obtained by subtracting the 
current time from the synchronization time is greater 
than a predetermined threshold value. 
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According to another aspect of this invention, a 
compressed code decoding device includes: a decoding 
section for receiving a plurality of groups of blocks of 
compressed codes and decoding each of the blocks of 
5 compressed codes; a buffer section for storing decoded 
signals decoded by the decoding section; a reproduction 
time acquisition section for acquiring a reproduction 
time at which to reproduce a predetermined one of the 
blocks; an output section for externally outputting the 

10 decoded signals stored in the buffer section; a detection 
section for detecting that the predetermined block of 
compressed codes has been decoded and output via the 
output section; a time setting section for externally 
setting a start time and a finish time of a gap provided 

15 between two outputs of decoded signals; an addition 
section for, at a time when the detection section detects 
that the predetermined block has been output, adding a 
time required for reproducing the predetermined block to 
the reproduction time acquired by the reproduction time 

20 acquisition section so as to produce a first 
synchronization time; a time detection section for 
determining whether the start time set by the time 
setting section is between the first synchronization time 
produced by the addition section and a second 

25 synchronization time, the second synchronization time 
being obtained by adding a time required for reproducing 
one block of compressed codes to the first synchroniza- 
tion time; a gap-based reproduction delay section for 
delaying, if the start time is between the first 

30 synchronization time and the second synchronization time, 
until the finish time of the gap, output of either the 
compressed codes of the predetermined block or the 
compressed codes of one of the groups including the 
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predetermined block . 

According to still another aspect of this inven- 
tion , a compressed code decoding device includes: a 
5 decoding section for receiving a plurality of groups of 

blocks of compressed codes and decoding each of the 
blocks of compressed codes; first and second memory 
sections for alternately storing blocks of the decoded 
signals from the decoding section; an output section for 

10 externally outputting the decoded signals stored in the 
first and second memory sections; a block detection 
section for detecting that each of the blocks of com- 
pressed codes has been decoded and externally output via 
the output section; a state section for indicating 

15 whether a decoded signal being currently output by the 
output section is from the first memory section or from 
the second memory section; a write control section for, 
at a time when the output of each of the blocks is 
detected by the block detection section, controlling a 

20 write operation of the block so that the block is written 
to one of the first memory section and the second memory 
section which is not indicated by the state section and 
alternately switching between read and write operations 
of the first and second memory sections. 

25 

In one embodiment of the invention, the write 
control section controls the write operation so that the 
decoded signals from a first and second ones of the 
blocks are respectively written to the first and second 
30 memory sections, while the decoded signals from a third 
one of the blocks are written to one of the first memory 
section and the second memory section which is not 
indicated by the state section. 
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According "to still another aspect of this inven- 
tion, an audio decoding device for decoding N A (where 
N A >1) channels of audio signals by a sub-band synthesis 
operation using sub-band synthesis filter data and sub- 
5 band signal data is provided. The device includes: a 
first memory section for storing M A (where M A <N A ) channels 
of the sub-band synthesis filter data and the sub-band 
signal data used for the sub-band synthesis operation; a 
second memory section for storing at least some of N A 

10 channels of sub-band signal data and N A channels of sub- 
band synthesis filter data; an operation section for 
receiving encoded audio data and decoding the encoded 
audio data into sub-band signal data, performing a sub- 
band synthesis filter operation using the data stored in 

15 the first memory section so as to output M a Vv ch€nnels of 

decoded audio data, and requesting to switch positions of 
new sub-band synthesis filter data calculated by the sub- 
band synthesis filter operation and next sub-band synthe- 
sis filter data required; and a data transfer section 

20 for, based on the request from the operation section, 

switching, by M A channels, the sub-band synthesis filter 
data and the sub-band signal data in the first memory 
section and the second memory section. 

25 In one embodiment of the invention, the first 

memory section includes a first memory area for storing 
a channel of sub-band synthesis filter data and sub-band 
signal data and a second memory area for storing another 
channel of sub-band synthesis filter data and sub-band 

30 signal data. The operation section transfers a j r th 
channel of data stored in the second memory section to 
the second memory area in the first memory section when 
performing a sub-band synthesis filter operation for an 
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i 1 th channel (where: i = l "to N A ; j=l to N A ; and using 
the data stored in the first memory area in the first 
memory section, while transferring a k'th channel of data 
stored in the second memory section to the first memory 
5 area in the first memory section when performing a sub- 
band synthesis filter operation for a j ' th channel 
(where: k=l to N A ; k^i; and k*j ) using the data stored in 
the second memory area in the first memory section, 
thereby performing in parallel a data transfer operation 
10 and a sub-band synthesis filter operation. 

In another embodiment of the invention, the 
operation section includes a continuous transfer in- 
struction section for instructing, when instructing a 
15 data transfer operation between the first memory section 
and the second memory section, a plurality of data 
transfer operations with a single issuance of instruc- 
tion, 

20 In still another embodiment of the invention, the 

operation section includes a virtual address allocation 
section for providing virtual addresses following an 
actual address at a termination point of the memory area 
in the first memory section which stores the sub-band 

25 synthesis filter data, allocating a start point of the 

virtual addresses to a predetermined actual address in 
the memory area, and sequentially allocating other ones 
of the virtual addresses to actual addresses, 

30 In still another embodiment of the invention, the 

first memory section includes, in addition to the first 
memory area and the second memory area, a third memory 
area for storing data not limited to use with the sub- 
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band synthesis operation. The operation section includes 
a sub-band signal transfer section for, when a number of 
channels of input encoded audio data is three or greater, 
copying or transferring at least some of the sub-band 
5 signals for a particular channel stored in the first 
memory section to a particular area in the first memory 
section. 

In still another embodiment of the invention, the 
10 operation section includes a sub-band signal addi- 
tion/subtraction section for performing addition and 
subtraction of the sub-band signals, in parallel with a 
transfer operation for the sub-band synthesis filter data 
from the second memory section to the first memory 
15 section after the encoded audio data has been input and 
decoded into sub-band signal data. 

In still another embodiment of the invention, the 
operation section includes an interleave section for 

20 taking samples of decoded data decoded by the sub-band 
synthesis operation, one sample from each of the chan- 
nels, and rearranging the samples in a predetermined 
order, in parallel with a transfer operation for the sub- 
band synthesis filter data from the first memory section 

25 to the second memory section after a sub-band synthesis 
operation for a final channel has been completed. 

In still another embodiment of the invention, the 
interleave section includes an interleave division 
30 section for dividing an interleave operation into r steps 
(where r>2). 

In still another embodiment of the invention, the 
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interleave section includes an interleave storage area 
selection section for selecting a data storage area in 
the first memory section to be used for an interleave 
operation depending on whether a number of channels to be 
5 decoded by the sub-band synthesis operation is even or 
odd. 

In still another embodiment of the invention, the 
continuous transfer instruction section includes a 
10 specific data transfer completion detection indication 
section for indicating detected completion of a p'th 
transfer operation out of q (where: q>l; and l<p<q) data 
transfer operations performed between the first memory 
section and the second memory section. 

15 

In still another embodiment of the invention, the 
data transfer section includes a specific data transfer 
completion detection transmission section for detecting 
completion of a p ' th transfer operation out of q data 
20 transfer operations performed between the first memory 

section and the second memory section as instructed by 
the continuous transfer instruction section and for 
transmitting to the operation section the detected 
completion of the p ! th transfer operation. 

25 

In still another embodiment of the invention, the 
operation section includes a specific data transfer 
completion detection section for detecting completion of 
a p ? th transfer operation out of q data transfer opera- 
30 tions performed between the first memory section and the 
second memory section as instructed by the continuous 
transfer instruction section. The operation section 
performs an s ' th one of the r (where: r>2; and 2<s<r) 
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steps of the interleave operation after the specific data 
transfer completion detection section detects completion 
of a data transfer operation for a specific area. 

5 In still another embodiment of the invention, the 

continuous transfer instruction section includes a PCM 
data transfer instruction section for instructing a 
transfer operation of at least one channel of decoded PCM 
data between the first memory section and the second 

10 memory section when a number of channels of input decoded 
data decoded by the sub-band synthesis operation is t 
(where t>3). The PCM data transfer instruction section 
temporarily transfers PCM data, for which the sub-band 
synthesis operation has been performed, from the first 

15 memory section to the second memory section and re- 

transfers PCM data which has been transferred to the 
second memory section to the first memory section in 
parallel with a sub-band synthesis operation for a final 
channel . 

20 

In still another embodiment of the invention, the 
continuous transfer instruction section includes a PCM 
data storage area selection section for selecting a 
storage area in the first memory section to be used for 

25 a transfer operation of PCM data from the second memory 
section to the first memory section performed in parallel 
with a sub-band synthesis operation for a final channel 
depending on whether a number of channels of input 
decoded data decoded by the sub-band synthesis operation 

30 is even or odd. 

In still another embodiment of the invention, the 
operation section includes a division decoding section 
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for dividing decoding processes from sub-band signal 
generation to output signal generation, or decoding 
processes from sub-band synthesis to output signal 
generation, so as to equally divide a number of audio 
5 output signal samples per frame into y blocks. Herein, 
a=bxcxy, where a denotes the number of audio output 
signal samples per frame for each channel of encoded 
audio signals, b denotes a number of sub-bands of the 
encoded audio signals, and c denotes a number of samples 
10 to be generated while processing one block. 

According to still another aspect of this inven- 
tion, an audio decoding device for decoding N A (where 
N a >l) channels of audio signals by a sub-band synthesis 

15 operation using sub-band synthesis filter data and sub- 
band signal data is provided. The device includes: a 
first memory section for storing at least one channel of 
the sub-band synthesis filter data and the sub-band 
signal data used for the sub-band synthesis operation; a 

20 second memory section for storing sub-band signal data 
and N A channels of sub-band synthesis filter data; an 
operation section for receiving encoded audio data and 
decoding the encoded audio data into sub-band signal 
data, performing a sub-band synthesis filter operation 

25 using the data stored in the first memory section so as 
to output one channel of decoded audio data, and request- 
ing to switch positions of new sub-band synthesis filter 
data calculated by the sub-band synthesis filter opera- 
tion and next sub-band synthesis filter data required; 

30 and a data transfer section for, based on the request 
from the operation section, switching, by one channel, 
the sub-band synthesis filter data and the sub-band 
signal data in the first memory section and the second 
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memory section. 



Thus, the invention described herein makes 
possible the advantages of: (1) providing a compressed 
5 code decoding device for decoding and outputting com- 
pressed codes of audio signals in synchronization with 
timer and video signals by using a buffer of a relatively 
small memory capacity; and (2) providing an audio decod- 
ing device with improved capability of processing audio 
10 signals of a band division coding system by using both a 
high-speed access memory and a memory whose access speed 
is relatively low (e.g,, a DRAM) for a memory section, 
thereby minimizing the cost of the memory used for 
decoding coded signals. 



15 



20 



These and other advantages of the present inven- 
tion will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a block diagram illustrating a 
compressed code decoding device according to Example 1 of 
25 the present invention. 

Figure 2 is a diagram illustrating a configura- 
tion of data input to the device illustrated in Figure 1. 



30 



Figure 3 is a block diagram illustrating a 
compressed code decoding device according to Example 2 of 
the present invention. 
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Figure 4 is a diagram illustrating a configura- 
tion of data input to the device illustrated in Figure 3. 

Figure 5 is a block diagram illustrating a 
5 compressed code decoding device according to Example 3 of 
the present invention. 

Figure 6 is a diagram illustrating a configura- 
tion of data input to the device illustrated in Figure 5, 

10 

Figure 7 is a block diagram illustrating a 
configuration of a buffer in the device illustrated in 
Figure 5. 

15 Figure 8 is a block diagram illustrating an audio 

decoding device according to Example 4 of the present 
invention. 

Figure 9 is a diagram illustrating an arrangement 
20 of sub-band synthesis filter data and its change over 
time ( No • 1 ) • 

Figure 10 is a diagram illustrating an arrange- 
ment of sub-band synthesis filter data and its change 
25 over time (No. 2). 



30 



Figure 11 is a diagram illustrating an arrange- 
ment of sub-band synthesis filter data and its change 
over time (No. 3). 

Figure 12 is a diagram illustrating correspon- 
dence between virtual address areas and actual address 
areas * 
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Figure 13 is a timing chart (No. 1) for data 
transmission in the audio decoding device according to 
Example 4 of the present invention. 



5 Figure 14 is a timing chart (No. 2) for data 

transmission in the audio decoding device according to 
Example 4 of the present invention. 

Figure 15 is a timing chart (No. 3) for data 

10 transmission in the audio decoding device according to 
Example 4 of the present invention. 

Figure 16 is a timing chart (No. 4) for data 

transmission in the audio decoding device according to 
15 Example 4 of the present invention. 



Figure 17 is a timing chart (No. 5) for data 
transmission in the audio decoding device according to 
Example 4 of the present Indention. 

20 

Figure 18 is a timing chart (No. 6) for data 
transmission in the audio decoding device according to 
Example 4 of the present invention. 



25 Figure 19 is a block diagram illustrating an 

audio decoding device according to Example 5 of the 
present invention. 

Figure 20 is a block diagram illustrating an 
30 operation section in the device illustrated in Figure 19. 

Figure 21 is a timing chart (No. 1) for data 
transmission in the audio decoding device according to 
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Example 5 of the present invention. 

Figure 22 is a timing chart (No. 2) for data 
transmission in the audio decoding device according to 
Example 5 of the present invention. 

Figure 23 is a timing chart (No. 3) for data 
transmission in the audio decoding device according to 
Example 5 of the present invention. 

Figure 24 is a timing chart (No. 4) for data 
transmission in the audio decoding device according to 
Example 5 of the present invention. 



15 Figure 25 is a timing chart (No. 5) for data 

transmission in the audio decoding device according to 
Example 5 of the present invention. 

Figure 26 is a timing chart (No. 6) for data 

transmission in the audio decoding device according to 
Example 5 of the present invention. 



20 



Figure 27 is a timing chart (No. 7) for data 

transmission in the audio decoding device according to 
25 Example 5 of the present invention. 

Figure 28 is a timing chart (No. 8) for data 

transmission in the audio decoding device according to 
Example 5 of the present invention. 



30 



Figure 29 is a timing chart (No. 9) for data 
transmission in the audio decoding device according to 
Example 5 of the present invention. 
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Figure 30 is a timing chart (No. 10) for data 
transmission in the audio decoding device according to 
Example 5 of the present invention. 

5 Figure 31 is a timing chart (No. 11) for data 

transmission in the audio decoding device according to 
Example 5 of the present invention. 

Figure 32 is a timing chart (No. 12) for data 
10 transmission in the audio decoding device according to 
Example 5 of the present invention. 

Figure 33 is a timing chart (No. 1) for data 
transmission in the audio decoding device according to 
15 Example 6 of the present invention. 

Figure 34 is a timing chart (No. 2) for data 
transmission in the audio decoding device according to 
Example 6 of the present invention. 

20 

Figure 35 is a timing chart (No. 3) for data 
transmission in the audio decoding device according to 
Example 6 of the present invention. 

25 Figure 36 is a timing chart (No. 4) for data 

transmission in the audio decoding device according to 
Example 6 of the present invention. 

Figure 37 is a timing chart (No. 5) for data 
30 transmission in the audio decoding device according to 
Example 6 of the present invention. 



Figure 38 is a timing chart (No. 6) for data 
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transmission in the audio decoding device according to 
Example 6 of the present invention. 

Figure 39 is a timing chart (No, 7) for data 
5 transmission in the audio decoding device according to 
Example 6 of the present invention. 

Figure 40 is a timing chart (No, 8) for data 
transmission in the audio decoding device according to 
10 Example 6 of the present invention. 

Figure 41 is a timing chart (No. 9) for data 
transmission in the audio decoding device according to 
Example 6 of the present invention. 

15 

Figure 42 is a timing chart (No. 10) for data 
transmission in the audio decoding device according to 
Example 6 of the present invention. 

20 Figure 43 is a timing chart (No. 11) for data 

transmission in the audio decoding device according to 
Example 6 of the present invention. 

Figure 44 is a block diagram illustrating an 
25 exemplary configuration of a conventional compressed code 
decoding device. 

Figure 45 is a block diagram illustrating an 
exemplary configuration of a conventional audio decoding 
30 device. 
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Examples 1-3 described hereinafter each provide 
a compressed code decoding device which realizes the 
advantage ( 1 ) of providing a compressed code decoding 
device for decoding and outputting compressed codes of 
5 audio signals in synchronization with timer and video 

signals by using a buffer of a relatively small memory 
capacity. 

Examples 4-6 each provide an audio decoding 
10 device which realizes the advantage (2) of providing an 
audio decoding device with improved capability of 
processing audio signals of a band division coding system 
by using both a high-speed access memory and a memory 
whose access speed is relatively low (e.g., a DRAM) for 
15 a memory section, thereby minimizing the cost of the 

memory used for decoding coded signals. 

Example 1 

Hereinafter, Example 1 of the present invention 
20 will be described with reference to the accompanying 
figures. Figure 1 is a block diagram illustrating a 
configuration of the compressed code decoding device 
according to Example 1 of the present invention. Fig- 
ure 2 is a diagram illustrating an exemplary configura- 
25 tion of grouped compressed audio codes input to the 
compressed code decoding device illustrated in Figure 1. 

As is apparent from Figure 2, the compressed 
audio codes are grouped in blocks. The blocks are 
30 further grouped in frames, e.g., frames A, B, C, .... 

Each frame includes a time stamp T indicating a 
reproduction time at the beginning of the frame, followed 
by compressed codes for the frame. The time stamp T 
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indicates a reproduction time when to decode a first 
block of compressed codes in the frame so as to reproduce 
audio signals, 

5 A plurality of frames of compressed codes form a 

packet, and the compressed codes are transferred by 
packets. Thus, blocks of compressed codes are grouped in 
frames and packets . 

10 Frames as illustrated in Figure 2 are input to 

the compressed code decoding device illustrated in 
Figure 1 via an input terminal 1. A parsing circuit 5, 
for each input frame, reads the time stamp T at the 
beginning thereof, thereby obtaining the reproduction 

15 time TO. Thus, the parsing circuit 5 acquires the time 
when the first block of coded signals in the first frame 
is output. 

A decoding circuit 2 decodes each block of 
20 compressed codes in the frame so as to output audio 
signals. An output buffer 3 temporarily stores at least 
two blocks of audio signals. An output circuit 4 exter- 
nally outputs the audio signals read out from the output 
buffer 3. 

25 

A detection circuit 6 detects that all of the 
audio signals corresponding to the first block of the 
current frame have been externally output via the output 
circuit 4. An addition circuit 7, in response to the 
30 detection output from the detection circuit 6, calculates 
the time interval from when the first block is input 
until the audio signals corresponding to the first block 
have been completely output, i.e., time a required for 
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reproducing the audio signals of the first block, and 
then adds the time a to the reproduction time TO obtained 
by the parsing circuit 5, thereby obtaining the 
synchronization time (TO+a). A timer 11 times the clock 
5 and outputs the current time Rl . 

A synchronization circuit 8 compares between the 
synchronization time (TO+a) obtained by the addition 
circuit 7 and the current time Rl timed by the timer 11, 

10 and determines that the reproduction of audio signals is 
behind the schedule if the synchronization time (TO+a) is 
greater than the current time Rl, while it determines 
that the reproduction is ahead of schedule if the syn- 
chronization time (TO+a) is less than the current 

15 time Rl. 

That is, the timer 11 and the synchronization 
circuit 8 are used for comparison between the 
synchronization time (TO+a) and the current time Rl so as 
20 to determine whether the synchronization time (TO+a) is 
ahead of the current time Rl. 

A skip circuit 9 discards the next frame of 
compressed codes when the synchronization circuit 8 

25 indicates "behind" (i.e., TO+a < Rl ) while it does 

nothing when the synchronization circuit 8 indicates 
"ahead" (i.e., TO+a > Rl ) . A reproduction delay cir- 
cuit 10, when the synchronization circuit 8 outputs 
"ahead" (i.e., TO+a > Rl ) , delays the time when the 

30 second next block of audio signals is output via the 
output circuit 4 by the amount of time the synchroniza- 
tion time (TO+a) is ahead of the current time Rl. This 
adjustment of time is performed by the reproduction delay 
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circuit 10 controlling the output time of the output 
buffer 3. 

Next, the operation of the compressed code 
decoding device according to the present example will be 
described in more detail. 

First, a stream of packets of codes is input via 
the input terminal 1, Each packet includes a plurality 
of frames, while each frame includes a plurality of 
blocks . 

The parsing circuit 5 extracts the header 
information of the first frame and obtains the reproduc- 
tion time TO therefrom at which to output the audio 
signals corresponding to the first block. Moreover, the 
decoding circuit 2 receives from the parsing circuit 5 
blocks of compressed codes in the first frame, and 
decodes the compressed codes by blocks so as to output 
audio signals. 

The first block of audio signals decoded by the 
decoding circuit 2 is temporarily stored in the output 
buffer 3, When all of the audio signals in the single 
block have been ready, the block of audio signals is 
externally output via the output circuit 4. When the 
output circuit 4 begins to output the first block of 
audio signals, the second block of audio signals in turn 
begins to be written in the output buffer 3, Then, 
successively after the first block of audio signals has 
been completely output, the second block of audio signals 
is output. 
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The addition circuit 7, in response to the 
detection output from the detection circuit 6, calculates 
the time a required for reproducing and outputting the 
first block of audio signals , and then adds the output 
5 time a of the first block to the time TO obtained by the 
parsing circuit 5, thereby obtaining the synchronization 
time (TO+a). The synchronization circuit 8 obtains the 
difference between the synchronization time (TO+a) and 
the time Rl from the timer 11, and determines whether the 
10 difference (T0+a)-Rl is greater than the predetermined 
value TH • 

When the difference (T0+a)-Rl is greater than the 
predetermined value TH, and thus the following expres- 
15 sion (8): 

(T0+a)-Rl > TH ... (8) 

is satisfied, the synchronization time (TO+a) is deter- 
20 mined to be ahead of the current time Rl . 

When the difference (T0+a)-Rl is less than the 
predetermined value TH, and thus the following expres- 
sion ( 9 ) : 



25 



30 



(T0+a)-Rl < TH . . . (9) 

is satisfied, the synchronization time (TO+a) is deter- 
mined to be behind the current time Rl • 

When the determination result of the 
synchronization circuit 8 satisfies the above expres- 
sion (8), the skip circuit 9 discards the second frame of 
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compressed codes when it is input from the parsing cir- 
cuit 5 to the decoding circuit 2. The skip circuit 9 
does nothing when the above expression (9) is satisfied. 

5 Moreover, when the determination result of the 

synchronization circuit 8 satisfies the above expres- 
sion ( 9 ) , the reproduction delay circuit 10 outputs the 
third block of audio signals in the first frame at a time 
delayed by the amount of delay (i.e., the difference 
10 (T0+a)-Rl). The reproduction delay circuit 10 does 
nothing when the above expression (8) is satisfied. 

The above-described control allows for audio 
signals to be output in accordance with the reproduction 

15 time provided to the frame. By providing a decoding 
device for decoding compressed video codes with a 
configuration as that of the compressed code decoding 
device of the present example, audio and video codes can 
be reproduced by the respective devices in synchroniza- 

20 tion with each other. In such a case, reproduction time 
data is provided to the video codes such that the video 
codes are in synchronization with the audio codes, while 
the video decoding device uses the same type of timer as 
the timer 11 or shares the timer 11. 

25 

According to the present example, only a capacity 
as large as two blocks is required for the output buff- 
er 3, thereby allowing for reduction of the amount of 
data to be stored. 

30 

In the above example, the detection circuit 6 
detects that the audio signals corresponding to the first 
block have been externally output. The block is not 
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limited to the first block, but may be any other one of 
the blocks. However, note that the time a for the block 
which is added by the addition circuit 7 has to corre- 
spond to the number of the block, 

5 

In particular, when the number of blocks for 
which the completion of output is detected by the detec- 
tion circuit 6 is n, the value of a which is added by the 
addition circuit 7 is as follows: 

10 

a= ( output completion time for one block of audio 
signals ) xn. 

Moreover, the reproduction time TO read out by 
15 the parsing circuit 5 is the reproduction time for a 
frame which follows the current frame being decoded - 
Therefore, similar effects can be realized even when a 
negative value in accordance with the block number is 
taken for the time a for the block which is added by the 
20 addition circuit 7. Thus, when the number of blocks for 

which the completion of output is detected by the detec- 
tion circuit 6 is n, the value of a which is added by the 
addition circuit 7 is as follows: 

25 a=-( output completion time for one block of audio 

signals ) x( 6-n) . 

Example 2 

Hereinafter, a compressed code decoding device 
30 according to Example 2 of the present invention will be 
described with reference to the accompanying figures. 
Figure 3 is a block diagram illustrating a configuration 
of the compressed code decoding device of Example 2 * 
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Figure 4 is a diagram illustrating an exemplary 
configuration of grouped compressed audio codes input to 
the compressed code decoding device illustrated in 
Figure 3. 

5 

In the device of the present example, it is 
assumed that the compressed audio codes and the com- 
pressed video codes are transmitted in parallel, as 
illustrated in Figure 4, and the respective reproduction 
10 times of the frames A, B, C, * . - , of compressed audio 
codes are synchronized with the respective reproduction 
times of the frames a, b, c, * * . , of compressed video 
codes . 

15 As compared to the device of Figure 1, the 

compressed code decoding device illustrated in Figure 3 
is additionally provided with a video parsing circuit 12, 
a video decoding circuit 13, a video output circuit 14, 
a video reproduction time memory circuit 15 and a video 

20 input terminal 16. 

The elements such as the decoding circuit 2, the 
output buffer 3, the output circuit 4, the parsing cir- 
cuit 5, the detection circuit 6, the addition circuit 7, 
25 the skip circuit 9, the reproduction delay circuit 10 and 
the timer 11 function as those in the device of Figure 1. 

The compressed video codes are decoded by the 
video decoding circuit 13 and externally output via the 
30 video output circuit 14. 

As in the case of compressed audio codes, com- 
pressed video codes grouped in frames are input to the 
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video parsing circuit 12, which obtains, from the begin- 
ning of each frame , the reproduction time VO at which the 
video signals are reproduced* The video reproduction 
time memory circuit 15 obtains and stores the difference 
5 (V0-R1) between the video reproduction time VO and the 
current time Rl from the timer 11. The video decoding 
circuit 13 receives and decodes the compressed video 
codes- The video output circuit 14 externally outputs 
the decoded video signals. 

10 

In such a configuration, the video parsing 
circuit 12 obtains the video reproduction time VO for 
when the frame should be reproduced. The video 

reproduction time memory circuit 15 obtains and stores 
15 the difference (V0-R2) between the video reproduction 
time VO and the time R2 from the timer 11. 

When detection circuit 6 detects that the first 
block of audio signals has been completely output, the 

20 synchronization circuit 8 adds the time (V0-R2) stored in 
the video reproduction time memory circuit 15 to the time 
Rl from the timer 11, thereby obtaining the time TV (=V0- 
R2+R1), and further obtains the difference (T0+a)-TV 
between the time TV and the synchronization time (T0+a) 

25 obtained by the addition circuit 7. 

Based on the above difference (T0+a)-TV, the 
synchronization circuit 8 determines whether the repro- 
duction of the audio signals is ahead of or behind the 
30 schedule* 

When the value (T0+a)-TV is greater than the 
predetermined value TH, and thus 
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(T0+a)~TV > TH ... (10) 

is satisfied, the synchronization time (T0+a) is deter- 
mined to be ahead of the current time Rl . 

When the (T0+a)-TV is less than the predetermined 
value TH, and thus 

(TO+gO-TV < TH . • . ( 11 ) 

is satisfied, the synchronization time (T0+a) is deter- 
mined to be behind the current time Rl . 



Note that it is assumed herein that the time 
15 required for the decoding of the compressed video codes 
by the video decoding circuit 13 is 0, while the video 
reproduction time V0 represents the time at which the 
video signal is output from the video output circuit 14. 

20 In the present example, compressed video codes 

are input to the video input terminal 16. However, also 
when other compressed codes including a reference 
reproduction time, instead of the compressed video codes, 
is input along with the compressed audio codes, the 

25 present invention can be used to reproduce the compressed 
audio codes and the other compressed codes in synchroni- 
zation with each other* The only difference would be the 
use of the reference reproduction time instead of the 
video reproduction time V0. 



30 



Example 3 

Hereinafter, a compressed code decoding device 
according to Example 2 of the present invention will be 
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described with reference -to the accompanying figures. 
Figure 5 is a block diagram illustrating a configuration 
of the compressed code decoding device of Example 3. 
Figure 6 is a diagram illustrating an exemplary 
5 configuration of grouped compressed audio codes input to 
the compressed code decoding device illustrated in 
Figure 5. 

As illustrated in Figure 6, it is assumed in the 
10 present example that a blank period X with no frame 
exists at predetermined intervals in a series of frames 
being transmitted. The device of the present example 
detects the blank period X and reproduces the next frame 
C after waiting for a length of time corresponding to the 
15 blank period X. For example, when compressed audio codes 
and compressed video codes are transmitted in parallel, 
since the compressed video codes contain a larger amount 
of information than the compressed audio codes (and thus 
the code length thereof is greater), there occurs the 
20 blank period X between two frames of compressed audio 
codes. Thus, it is necessary to reproduce the next frame 
C after waiting for the time x corresponding to the blank 
period X. 

25 As compared to the device of Figure 1, the 

compressed code decoding device illustrated in Figure 5 
is additionally provided with a time gap setting cir- 
cuit 17, a block detection circuit 18, a block addition 
circuit 19, a time detection circuit 20 and a gap-based 

30 reproduction delay circuit 21. 

The elements such as the decoding circuit 2, the 
output buffer 3 and the output circuit 4 function as 
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those in the device of Figure 1. 

Start time Ts and finish time Tf of a gap 
(corresponding to the start and finish of the period x) 
5 are externally provided to, and set in, the time gap 
setting circuit 17. The block detection circuit 18 
detects that a block of audio signals has been completely 
output from the output circuit 4. 

10 The parsing circuit 5 obtains, from the first 

frame, the reproduction time TO of the first block in the 
first frame, and provides the reproduction time TO to the 
block addition circuit 19. Each time the block detection 
circuit 18 detects that a block of audio signals has been 

15 completely output, the block addition circuit 19 obtains 
the time p required for reproducing the block, adds the 
time p to the reproduction time TO, and further adds, to 
the sum, the time a required for reproducing the first 
block, thereby obtaining time (T0+a+P). 

20 

The time detection circuit 20 detects whether the 
gap start time Ts set in the time gap setting circuit 17 
is between the time (TO+a+p) obtained by the block 
addition circuit 19 and the time (T0+2a+p) obtained by 
25 further adding the time a for the first block. When the 

time detection circuit 20 detects the gap start time Ts, 
the time at which the second next block is output via the 
output circuit 4 is delayed by the gap-based reproduction 
delay circuit 21 until the gap finish time Tf . 

30 

For example, when a length of time in a range 
between (TO+a+p) and (T0+2a+p) has passed since the 
reproduction time TO of the first block in the first 
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frame in "the packet , the time at which to output the 
first block in the first frame in the next packet is 
delayed until the gap finish time Tf. In this way, the 
period of time x is inserted in the reproduced audio 
5 signals. 

Figure 7 is a block diagram illustrating a 
configuration of the output buffer 3 in the device 
illustrated in Figure 5. The output buffer 3 includes a 
10 first memory circuit 22 , a second memory circuit 23, a 

state circuit 24, a write control circuit 25 and a state 
control circuit 26. 

The first and second memory circuits 22 and 23 
15 store the decoding results of the decoding circuit 2. 

The state circuit 24 indicates whether the audio signal 
being externally output is from the first memory cir- 
cuit 22 or from the second memory circuit 23. The write 
control circuit 25 performs control such that the audio 
20 signal decoded by the decoding circuit 2 is written to 
one of the first and second memory circuits 22 and 23 
which is not being indicated by the state circuit 24. 

Each time the block detection circuit 18 detects 
25 that a block of audio signals has been completely output, 
the state control circuit 26 switches from one to another 
of the memory circuit which stores the audio signal from 
the output circuit 4 and the memory circuit to which the 
write control circuit 25 writes the decoded result. At 
30 the time when the block detection circuit 18 detects that 
a block of audio signals has been completely output, the 
write control circuit 25 and the state control circuit 26 
control the write operation of the block of audio signals 
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to the memory circuit which is not being indicated by the 
state control circuit 26, while switching between the 
read and write operations for the first and second memory 
circuits . 

5 

In such a configuration, the write control cir- 
cuit 25 writes the decoded result of the first block to 
the first memory circuit 22 immediately after the decod- 
ing , and writes the decoded result of the second block to 

10 the second memory circuit 23 immediately after the 
decoding. Then, once all of the decoded results are 
written to the first memory circuit 22, the output 
circuit 4 begins to externally output the signals* The 
above-described write operation is continued for the 

15 decoded results of the third and subsequent blocks. 

In practice, each of the above-described examples 
is implemented employing discrete ICs, a DSP (Digital 
signal processor) or a CPU . 

20 

The above-described compressed code decoding 
devices of Examples 1 to 3 provide the following effects. 

The need for a large capacity memory for storing 
25 frames or packets of signals is eliminated, whereby it is 
possible to reduce the circuit scale of AV reproduction 
equipment, and also to decode and reproduce compressed 
audio codes in synchronization with a timer or video 
images. 

30 

Example 4 

An audio decoding device of Example 4 receives 
coded signals for multi-channels of the layer 2 of MPEG2 
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(the number of channels N A is four in this example) and 
decodes the coded signals into an audio signal- The 
layer 2 of MPEG2 is described in detail in ISO/IEC 11172- 
3:1993 and 13818-3:1996. 

5 

Figure 8 is a block diagram of the audio decoding 
device 100 according to Example 4 of the present inven- 
tion. The audio decoding device 100 includes a first 
memory section 110, a second memory section 120, an 

10 operation section 130 and a data transfer controller 140. 

The first memory section 110 includes an SRAM capable of 
high-speed access, and stores M A (M A < N A ) channels of 
sub-band synthesis filter data and sub-band signals. In 
this example, M A =2. The first memory section 110 is 

15 divided into a memory area 111 (first memory area) and a 
memory area 112 (sQeond memory area). An important 
signal processing section of the audio decoding device 
100 includes one-chip multimedia processor, which in- 
cludes an internal memory. While the internal memory is 

20 used mainly for image data processing, the first memory 
section 110 is a memory area of the internal memory which- 
is saved for processing audio data. 

The first memory area 111 stores audio data for 
25 X channels, where X is an integer changing in the range 
of 1 through N A , and includes two memory areas 111A and 
111B. The memory area 111A stores sub-band synthesis 
filter data for X channels (corresponding to "V" produced 
by the matrix processing for sub-band synthesis based on 
30 the MPEG standard), and the memory area 111B stores sub- 
band signal data for X channels. The second memory area 
112 stores audio data for Y channels, where Y is an 
integer changing in the range of 1 through N A and differ- 
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ervfc from X, and includes two memory areas 112A and 112B. 
The memory area 112A stores sub-band synthesis filter 
data for Y channels, and the memory area 112B stores sub- 
band signal data for Y channels. In the following 
5 description, N A =4. 

The second memory section 120 is a memory includ- 
ing an inexpensive large capacity DRAM externally con- 
nected to the processor. The second memory section 120 

10 includes memory areas 121A through 124A, 123B and 124B. 

The memory areas 121A through 124A each store sub-band 
synthesis filter data for one channel. For example, the 
sub-band synthesis filter data for a first channel is 
stored in the memory area 121A, the sub-band synthesis 

15 filter data for a second channel is stored in the memory 

area 122A, the sub-band synthesis filter data for a third 
channel is stored in the memory area 123A, and the sub- 
band synthesis filter data for a fourth channel is stored 
in the memory area 124A. 

20 

The sub-band signal data for the third channel is 
stored in the memory area 123B, and sub-band signal data 
for the fourth channel is stored in the memory area 124B. 

25 The memory areas 111A and 112A in the first 

memory section 110 and the memory areas 121A through 124A 
in the second memory section 120 are all of identical 
size. For a more practical description, the area of each 
of these memory areas can include addresses 1 through 

30 2048 (0x800 in hexadecimal). 

The memory areas 111B and 112B in the first 
memory section 110 and the memory areas 123B and 124B in 
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the second memory section 120 are all of identical size. 
For a more practical description, the area of each of 
these memory areas can include addresses 1 through 768 
( 0x300 in hexadecimal ) . 

5 

The operation section 130 includes a sub-band 
signal generation section 131 , a sub-band synthesis 
section 132, a continuous transfer instruction section 
133 and a virtual address allocation section 134. 

10 

The sub-band signal generation section 131 
decodes a coded signal input from an external device into 
a sub-band signal. The sub-band synthesis section 132 
performs channel-by-channel sub-band synthesis filter 

15 operation using the sub-band synthesis filter data and 
the sub-band signals, so as to generate an audio signal. 
The continuous transfer instruction section 133 desig- 
nates a specific memory area in each of the first memory 
section 110 and the second memory section 120 and in- 

20 structs the data transfer controller 140 to perform one 
or more data transfers. 

The virtual address allocation section 134 
assumes a virtual address exists following the actual 

25 address at a termination point of each of the memory 
areas 111A and 112A, and allocates the start point of the 
virtual address to the actual address at the start of 
each of the memory areas 111A and 112A. The virtual 
address allocation section 134 further allocates virtual 

30 addresses to the subsequent actual addresses in this 
manner sequentially . 



The data transfer controller 140 transfers data 



P16186 

- 40 - 

from the first memory section 110 to the second memory 
section 120 or from the second memory section 120 to the 
first memory section 110 by the instruction of the 
continuous transfer instruction section 133. 

5 

The operation section 130 instructs data transfer 
between one of the memory areas 111 and 112 and the 
second memory section 120 externally connected to the 
processor. During the data transfer, the operation 
10 section performs sub-band synthesis filter operation for 
one channel using the other one of the memory areas 111 
and 112. 

Thus, the generation of an audio signal and the 
15 transfer of the data are parallel-processed. For exam- 
ple, when the data transfer is performed between the 
first memory area 111 in the first memory section 110 and 
the second memory section 120, the operation section 130 
performs the operation using the data in the second 
20 memory area -112 in the first memory section 110. When 
the data transfer is performed between the second memory 
area 112 and the second memory section 120, the operation 
section 130 performs the operation using the data in the 
first memory area 111. 

25 

As shown by the format described in ISO/IEC 
11172-3:1993 and 13818-3:1996, the number of sub-band 
signals generated by the sub-band signal generation 
section 131 at one time is 32 for each channel. The 
30 sample number of the sub-band signal samples in one frame 
is 1152 per channel. The sample number Sn of the sub- 
band signals generated by the sub-band signal generation 
section 131 for each channel in one time is 32xN, where 
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N is an integer of 1 through 36 inclusive. 

Furthermore, the minimum sample number of the 
sub-band signals required for one-time sub-band synthesis 
5 filter operation performed by the sub-band synthesis 
section 132 is 32 per channel. First, matrix processing 
is performed, based on the above expression (4), using 
the 32 samples of sub-band signal and the cosine 
coefficient to update 1/16 of the continuous sub-band 

10 synthesis filter data. Then, the multiply-accumulate 
operation is performed, as in the above expressions (6) 
and (7), using the updated sub-band synthesis filter data 
Ui and the window coefficient Di, to generate 32-sample 
audio signals. The 32-sample audio signals are each 

15 obtained by performing the multiply-accumulate operation 
16 times. At this point, the sub-band synthesis filter 
data used in the operation is assigned sequentially 
sample by sample, starting from the newly updated sample. 
Specifically, one sample corresponding to 1/16 of the 

20 newly-updated sub-band synthesis filter data is first 
assigned, the next sample corresponding to 1/16 of the 
sub-band synthesis filter data updated by the immediately 
previous operation is then assigned, and so on. Thus, 
the process shown in Figures 9 to 11 is performed. 

25 

In this example, the value of N" is assumed to be 
set to 6 for simplifying the description. Specifically, 
the sample number of the sub-band signals generated at 
one time by the sub-band signal generation section 131 is 
30 192 (32x6). The sub-band synthesis section 132 performs 
the sub-band synthesis filter operation six times per 
channel using the sub-band signals. Thus, 192-sample 
(32x6) audio signals are generated. The sub-band synthe- 
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sis filter data updated by the sub-band synthesis filter 
operation occupies 6/16 of the entire sub-band synthesis 
filter data. 

5 Figures 9 to 11 show the arrangement of the sub- 

band synthesis filter data generated per channel and the 
change over time. In Figures 9 to 11, a number of 
rectangular areas 200 each represent the entire sub-band 
synthesis filter data. The sub-band synthesis filter 

10 data 200 is divided into 16 data areas 201 through 216. 

Reference numerals 222-1 through 222-16 under the re- 
gion 200 indicate the order of change over time. The 
time interval between two adjacent rectangular areas 200 
corresponds to the time period required to perform the 

15 sub-band synthesis filter data once. The data changes 
over time with the data 222-1 being the oldest and the 
data 222-16 being the newest. In this example, Figure 9 
shows the arrangement and the position of a pointer P2 of 
data 222-1 through 222-6, Figure 10 shows the arrangement 

20 and the position of the pointer P2 of data 222-7 through 
222-12, and Figure 11 shows the arrangement and the 
position of the pointer P2 of data 222-13 through 222-16. 

The arrow shown to the right of each rectangular 
25 area 200 represents a pointer P2 showing the area in 
which the data is updated. As described above, the 
sample number of the sub-band signals for each channel 
generated at one time is 192 (32x6) and corresponds to 
the sub-band synthesis filter operation performed six 
30 times. Assuming that the data 222-1 is sub-band synthe- 

sis filter data updated by the first sub-band synthesis 
filter operation immediately after the sub-band signal 
generation, 192-sample sub-band signals are generated by 
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the sub-band signal generation section 131 during the 
change from the data 222-6 to the data 222-7 and during 
the change from the data 222-12 to the data 222-13. 
During the above time periods, data is transferred 
5 between the first memory section 110 and the second 
memory section 120 by the control by the data transfer 
controller 140. When the sub-band synthesis filter data 
is in the state shown in the rectangular area 222-1, the 
data in the data area 201 is updated. When the sub-band 

10 synthesis filter data is in the state shown in the 
rectangular area 222-2, the data in the data area 202 is 
updated. In the same manner, when the sub-band synthesis 
filter data is in the state shown in the rectangular 
areas 222-3 through 222-16, the data in the data area 203 

15 through 216 is updated, respectively. Then, the data in 
the area 222-1 is again updated* 

Figure 12 is a table showing the correspondence 
between the virtual addresses which are virtually allo- 

20 cated to the first memory section 110 by the virtual 
address allocation section 134 of Figure 8 and the actual 
addresses. Ar can be appreciated from Figure 12, the 
addresses included in the memory areas 111 and 112 are 
respectively 0 through 3071 (0x000 through Oxbff in 

25 hexadecimal ) . The virtual addresses and the actual 
addresses have the same values where the virtual address- 
es are 0x000 through Oxbff. However, the virtual ad- 
dresses OxcOO through Oxfff indicate the actual addresses 
0x000 through 0x7ff, respectively. 

30 

For example, the memory area 111B in the first 
memory area 111 is allocated to the addresses 0x100 
through 0x3ff, and the memory area 111A is allocated to 
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the addresses 0x400 through Oxbff. In the same manner, 
the memory area 112B in the second memory area 112 is 
allocated to the addresses 0x100 through 0x3ff, and the 
memory area 112A is allocated to the addresses 0x400 
5 through Oxbff. Since the virtual address OxcOO in each 
of the memory areas 111 and 112 is allocated to the 
actual address 0x400 , the virtual address OxcOO indicates 
the leading address of each of the memory areas 111A and 
112A. The following virtual addresses indicate the 
10 actual addresses in the same manner. 

Figures 13 through 18 are timing charts of data 
transfer. Figures 13 through 18 respectively show trans- 
fer charts 1 through 6. Transfer chart 1 in Figure 13 

15 shows data transfer before sub-band synthesis, and 
transfer chart 2 in Figure 14 shows data transfer during 
sub-band synthesis for the first channel. Transfer chart 
3 in Figure 15 shows data transfer during sub-band 
synthesis for the second channel, and transfer chart 4 in 

20 Figure 16 shows data transfer during sub-band synthesis 
for the third channel. Transfer chart 5 in Figure 17. 
shows data transfer during sub-band synthesis for the 
fourth channel, and transfer chart 6 in Figure 18 shows 
data transfer after sub-band synthesis. 

25 

The audio decoding device 100 having the above- 
described structure operates in the following manner. 

First, when a bit stream (including encoded audio 
30 signals) of multi-channels of MPEG2 (four channels) is 
input, the operation section 130 gives the bit stream to 
the sub-band signal generation section 131, which decodes 
the bit stream into four-channel sub-band signals. Then, 



P16186 

- 45 - 

the sub-band signals for the i T th channel (i = l in this 
example) are written into the memory area 111B, and the 
sub-band signals for the j 1 th channel (j=2 in this 
example) are written into the memory area 112B. The sub- 
5 band signals for the k 1 th channel (k=3 in this example) 
are written into a part of the memory area 111A, and the 
sub-band signals for the 1 1 th channel (1=4 in this 
example) are written into a part of the memory area 112A. 

Then, the continuous transfer instruction section 
133 instructs the data transfer controller 140 to trans- 
fer data in the following manner based on a request from 
the operation section 130, As shown in transfer chart 1 
(Figure 13), the sub-band signal data for the third 
channel stored in the memory area 111A in the first 
memory section 110 is transferred to the memory area 123B 
in the second memory section 120. The sub-band synthesis 
filter data for the first channel stored in the memory 
area 121A in the second memory section 120 is transferred 
to the memory area 111A in the first memory section 110. 

Thus, the data transfer controller 140 transfers 
the sub-band signal data for the third channel from the 
memory area 111A to the memory area 123B, and immediately 
25 thereafter, transfers the sub-band synthesis filter data 
for the first channel from the memory area 121A to the 
memory area 111A. When the data transfer is completed, 
the data transfer controller 140 notifies the operation 
section 130 of the completion of the data transfer. 

30 

The operation section 130, when to have been 
completed the data transfer is determined, requests the 
continuous transfer instruction section 133 to transfer 
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data in the following manner. 

As shown in transfer chart 2 (Figure 14), the 
sub-band signal data for the fourth channel stored in the 
5 memory area 112A in the first memory section 110 is 
transferred to the memory area 124B in the second memory 
section 120. The sub-band synthesis filter data for the 
second channel stored in the memory area 122A in the 
second memory section 120 is transferred to the memory 
10 area 112A in the first memory section 110. In parallel 
with the above transfer operation, the operation section 
130 starts the sub-band synthesis filter operation for 
the first channel by the sub-band synthesis section 132 
using the data in the first memory area 111. 

15 

At this point , the sub-band synthesis filter data 
in the data area 201 of the data 222-1 (Figure 9) is 
updated. In other words, the data at addresses 0x680 
through 0x6ff in the first memory area 111 is updated. 

20 After that, the 32-sample audio signals are obtained by 
performing the multiply-accumulate operation 16 times. 
In order to uniformize the order of assignment of the 
coefficient D, the sub-band synthesis filter data used in 
the operation is assigned sequentially sample by sample, 

25 starting from the newly updated sample. Specifically, 
one sample corresponding to 1/16 of the newly-updated 
sub-band synthesis filter data, i.e., the data in the 
data area 201, is first assigned, the next sample corre- 
sponding to 1/16 of the sub-band synthesis filter data 

30 updated by the immediately previous operation, i.e., the 
data in the data area 216, is then assigned, and so on, 
for the data in the data areas 215, 214 ... to 203 and 
202. 
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When "bhe sub-band synthesis filter data in the 
data area 206 and later (0x400 - ) is assigned after the 
sub-band synthesis filter data in the data area 207 
(0xb80 through Oxbff) is assigned, circulating address 
processing is required on the actual addresses in order 
to set the addresses. The circulating address processing 
is performed by the following AND operation. Where the 
address before conversion is A, the address after the 
conversion B is: 

B- { ( A-0x400 ) x( 0x7f f ) }+0x400 

where x represents the AND operation. 

However, the operation section 130 in this 
example includes the virtual address allocation section 
134 and thus does not require the circulating address 
processing including the AND operation. The data up to 
sub-band synthesis filter data at the actual addresses 
0x400 through 0x7ff, i.e., data areas 206 through 201, 
216 and 215 can be allocated using the virtual addresses 
OxcOO through Oxfff . 

In the subsequent sub-band synthesis filter 
operation also, as shown in the rectangular area 222-2 
(Figure 9), the data in the data area 202 is updated, and 
the multiply-accumulate operation is performed using the 
sub-band synthesis filter data in the data areas 201, 216 
through 207, and 206 through 202, thereby obtaining an 
audio signal . 

Furthermore, also in the subsequent sub-band 
synthesis filter operation, as shown in the rectangular 
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area 222-3 (Figure 9), the data in the data area 203 is 
updated, and the multiply-accumulate operation is per- 
formed using the sub-band synthesis filter data in the 
data areas 202 and 201, 216 through 207, and 206 through 
5 203, thereby obtaining an audio signal. 

Also in the sixth sub-band synthesis filter 
operation immediately before the transfer of the audio 
signal, as shown in the rectangular area 222-6 (Figure 

10 9), the data in the data area 206 is updated, and the 
multiply-accumulate operation is performed using the sub- 
band synthesis filter data in the data areas 205 through 
201, 216 through 207 and 206, thereby obtaining an audio 
signal. As described above, the multiply-accumulate 

15 operation with the coefficient D can be performed without 
circulating address processing in any of the sub-band 
synthesis filter operation performed six times. 

The data transfer controller 140 performs data 
20 transfer while the operation section 130 performs the 
sub-band synthesis filter operation. When the transfer 
is completed, the data transfer controller 140 notifies 
the operation section 130 of the completion of the data 
transfer. When both the data transfer and the sub-band 
25 synthesis filter operation for the first channel are 
completed, the continuous transfer instruction section 
133 instructs the data transfer controller 140 to trans- 
fer an audio signal in the following manner, based on a 
request of the operation section 130. 

30 

As shown in transfer chart 3 (Figure 15), 
continuous transfer instruction section 133 instructs to 
transfer the sub-band synthesis filter data for the first 
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channel stored in the memory area 111A in the first 
memory section 110 to the memory area 121A in the second 
memory section 120. The continuous transfer instruction 
section 133 further instructs to transfer the sub-band 
5 synthesis filter data for the third channel stored in the 
memory area 123A in the second memory section 120 to the 
memory area 111A in the first memory section 110. The 
continuous transfer instruction section 133 also in- 
structs to transfer the sub-band signal data for the 

10 third channel stored in the memory area 123B in the 
second memory section 120 to the memory area 111B in the 
first memory section 110, The sub-band synthesis section 
132 starts the sub-band synthesis filter operation for 
the second channel using the data in the second memory 

15 area 112 . 

The transfer of the sub-band synthesis filter 
data for the first channel and the third channel is per- 
formed between the rectangular areas 222-6 (Figure 9) and 

20 the rectangular areas 222-7 (Figure 10). The transfer of 
the sub-band synthesis filter data for the first channel 
is performed as follows. The area 200 is divided into Al 
including the data areas 206 through 201 and 216 through 
213 and A2 including the data areas 212 through 207, and 

25 the data in one of them is first transferred and the data 
in the other is then transferred. By such an operation, 
the order of assigning the addresses of the sub-band 
synthesis filter data for the subsequent transfer of the 
data for the first channel is exactly the same as that of 

30 the previous transfer. 

In this stage, the sub-band synthesis filter 
operation for the second channel is performed in the same 
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manner as that; for the first channel using the second 
memory area 112. The data transfer controller 140 
performs data transfer while the sub-band synthesis 
section 132 performs the sub-band synthesis filter 
5 operation. When the transfer is completed, the data 
transfer controller 140 notifies the operation section 
130 of the completion of the data transfer. 

When both the data transfer and the sub-band 
10 synthesis filter operation for the second channel are 
completed, the operation section 130 requests the contin- 
uous transfer instruction section 133 to transfer data in 
the following manner. 

15 As shown in transfer chart 4 (Figure 16), the 

continuous transfer instruction section 133 instructs 
transfer of the sub-band synthesis filter data for the 
second channel stored in the memory area 112A in the 
first memory section 110 to the memory area 122A in the 

20 second memory section 120. The continuous transfer 
instruction section 133 further instructs transfer of the 
sub-band synthesis filter data for the fourth channel 
stored in the memory area 124 A in the second memory 
section 120 to the memory area 112A in the first memory 

25 section 110. Then, the continuous transfer instruction 
section 133 instructs to transfer the sub-band signal 
data for the fourth channel stored in the memory area 
124B in the second memory section 120 to the memory area 
112B in the first memory section 110. The sub-band 

30 synthesis section 132 starts the sub-band synthesis 
filter operation for the third channel using the data in 
the first memory area 111 in parallel with the above- 
described transfer operation. 
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The transfer of the sub-band synthesis filter 
data for the second channel and the fourth channel is 
performed between the rectangular areas 222-6 (Figure 9) 
and the rectangular areas 222-7 (Figure 10) in the same 
5 manner as that between the first channel and the third 
channel. The area 200 is divided into Al (Figure 9) 
including the data areas 206 through 201 and 216 through 
213 and A2 including the data areas 212 through 207, and 
the data in one of them is first transferred and the data 
10 in the other is then transferred. 

When both the data transfer and the sub-band 
synthesis filter operation for the third channel are 
completed, the operation section 130 requests the contin- 
15 uous transfer instruction section 133 to transfer data in 
the following manner. 

As shown in transfer chart 5 (Figure 17), the 
sub-band synthesis filter data for the third channel 

20 stored in the memory area in the first memory 

section 110 is transferred to the memory area 123R in the 
second memory section 120. The sub-band synthesis 
section 132 starts the sub-band synthesis filter opera- 
tion for the fourth channel using the data in the second 

25 memory area 112. 

When both the data transfer and the sub-band 
synthesis filter operation for the fourth channel are 
completed, the operation section 130 requests the contin- 
30 uous transfer instruction section 133 to transfer data in 
the following manner. 



As shown in transfer chart 6 (Figure 18), the 
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continuous transfer instruction section 133 instructs to 
transfer the sub-band synthesis filter data for the 
fourth channel stored in the memory area 112A in the 
first memory section 110 to the memory area 124A in the 
5 second memory section 120. 

Then, in the next step, 192-sample sub-band 
signals are generated for each channel by the sub-band 
signal generation section 131. Next, sub-band synthesis 

10 operation and data transfer are performed in parallel. 

The transfer of the sub-band synthesis filter data for 
any of the channels from the first memory section 110 to 
the second memory section 120 is performed between the 
rectangular areas 222-12 (Figure 10) and the rectangular 

15 areas 222-13 (Figure 11). The area 200 is divided into 
Bl (Figure 10) including the data areas 212 through 203 
and B2 including the data areas 202, 201 and 216 through 
213, and the data in one of them is first transferred and 
the data in the other is then transferred. 

20 

As can be appreciated from the above description, 
the audio decoding device 100 in this example uses a 
DRAM, which costs less than an SRAM, for the second 
memory section 120 for storing the data corresponding to 

25 all the channels in the second memory section 120. The 

data in the second memory section 120 is transferred to 
the first memory section 110 using the data transfer 
controller 140 only when necessary. Accordingly, the 
multi-channel audio signals can be reproduced at a high 

30 speed without increasing the capacity of the internal 
memory in the processor. Since the SRAM does not need to 
be connected externally, the cost of the entire device 
can be reduced. 
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In the audio decoding device 100 in this example, 
the sub-band synthesis filter operation and the data 
transfer can be performed in parallel, and thus the time 
period required for the operation processing can be 
5 shortened by the time period required for the data 
transfer. Since an amount of data corresponding to a 
plurality of transfer operations can be transferred by a 
'single transfer operation, the circulating address 
processing and the shift processing of the sub-band 

10 synthesis filter data are not required in the sub-band 
synthesis operation, where a virtual address allocation 
section is used. Further, since the data transfer can be 
performed a plurality of times, the data transfer is 
easier to schedule in accordance with the time period 

15 required for data transfer and for generation of the 
audio signal. Thus, the time loss caused by the data 
transfer can be reduced and the processing time can be 
shortened . 

20 In this example, for simplicity of the descrip- 

tion, the number of channels for input signals is assumed 
to be four. However, the number of channels is not 
limited to four. 

25 In this example, any possible method is usable 

for the processing performed in parallel with the data 
transfer before the sub-band synthesis for the first 
channel or the processing in parallel with the transfer 
of the sub-band synthesis filter data for the final 

30 channel. For example, after the sub-band synthesis 
filter data for the final channel is transferred, a 
signal can be input to generate a sub-band signal. In 
such a case, loss caused by the data transfer can be 
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reduced . 
Example 5 

An audio decoding device of Example 5 receives 
coded signals for multi-channels (five channels) of the 
layer 2 of MPEG2 and decodes the coded signals into an 
audio signal. The layer 2 of MPEG2 is described in 
detail in 1S0/1EC 11172-3:1993 and 13818-3:1996. 

Figure 19 is a block diagram of the audio decod- 
ing device 300 according to Example 5 of the present 
invention. The audio decoding device 300 includes a 
first memory section 310, a second memory section 320, an 
operation section 330 and a data transfer controller 340. 
The first memory section 310 includes an SRAM capable of 
high-speed access, and is divided into a memory area 311 
(first memory area), a memory area 312 (second memory 
area) and a memory area 313 (third memory area). An 
important signal processing section of the audio decoding 
device 300 includes one-chip multimedia processor, which 
includes an internal memory. While the internal memory 
is used mainly for image data processing, the first 
memory section 310 is a memory area of the internal 
memory which is saved for processing audio data. 

The first memory area 311 stores audio data for 
X channels, where X is an integer changing in the range 
of 1 through N a , and includes two memory areas 311A and 
311B. The memory area 31 IB primarily stores sub-band 
signals for X channels and the memory area 311A primarily 
stores sub-band synthesis filter data for X channels. 

The second memory area 312 stores coded audio 
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data for Y channels, where Y is an integer changing in 
the range of 1 through N A and different from X, and 
includes two memory areas 312A and 312B. A memory 
area 312C is provided inside the memory area 312A. 

5 

The memory area 312B primarily stores sub-band 
signals for Y channels, and the memory area 312A primari- 
ly stores sub-band synthesis filter data for Y channels. 
The memory area 312C is an area in which the operation 

10 section 330 temporarily (at least from the time when the 
sub-band signals have been generated to the time when the 
first sub-band synthesis for one of the channels is 
completed) stores some of the sub-band signals generated 
in the third sub-band synthesis for another one of the 

15 channels. 

The memory area 313 is an area for storing data 
such as header information of the input signal . The 
memory area 313 is provided with a memory area 313C in 
20 which the operation section 330 temporarily ( at least 
from the time when the sub-band signals have been gener- 
ated to the time when sub-band synthesis for one of the 
channels is completed) stores sub-band signals of the 
other channels. In the following description, N A =5. 

25 

The second memory section 320 is a memory includ- 
ing a large capacity DRAM externally connected to the 
processor. The second memory section 320 is divided into 
memory areas 321A through 325A, 323B through 325B, 321C 
30 through 323C, and 326. 

The memory areas 321A through 325A each store 
sub-band synthesis filter data for one channel. For 
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example, "the sub-band synthesis filter data for a first 
channel is stored in the memory area 321A, the sub-band 
synthesis filter data for a second channel is stored in 
the memory area 322A, the sub-band synthesis filter data 
5 for a third channel is stored in the memory area 323A, 
the sub-band synthesis filter data for a fourth channel 
is stored in the memory area 324A, and the sub-band 
synthesis filter data for a fifth channel is stored in 
the memory area 325A. 

10 

Part of the sub-band signal data for the third 
channel is stored in the memory area 323B, the sub-band 
signal data for the fourth channel is stored in the 
memory area 324B, and the sub-band signal data for the 
15 fifth channel is stored in the memory area 325B. 

The memory area 321C stores the PCM data for the 
first channel, the memory area 322C stores the sub-band 
signals for the second channel, and the memory area 323C 
20 stores the sub-band signals for the third channel. 

The memory area 326 is used as an audio signal 
buffer and stores interleaved data in which the PCM data 
of the first to fifth channels is arranged in a data 
25 format comparable to that of the audio signal* 

The memory areas 311A and 312A in the first 
memory section 310 and the memory areas 321A through 325A 
in the second memory section 320 are all of identical 
30 size. For a more practical description, the area of each 
of these memory areas can include addresses 1 through 
2048 (0x800 in hexadecimal). 
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Similarly, the memory area 311B in the first 
memory section 310, the memory area 312B in the first 
memory section 310, the total of the memory areas 312C 
and 313C, and the total of the memory areas 324B and 325B 
are all of identical size- For a more practical descrip- 
tion, the area of each of these memory areas can include 
addresses 1 through 768 (0x300 in hexadecimal). 

Figure 20 illustrates a configuration of the 
operation section 330. As illustrated in Figure 20, the 
operation section 330 includes a sub-band signal genera- 
tion section 331, a sub-band synthesis section 332, a 
continuous transfer instruction section 333, a virtual 
address allocation section 334, a sub-band signal addi- 
tion/subtraction section 335, a sub-band signal transfer 
section 336, an interleave section 337, a specific data 
transfer completion detection section 338 and a division 
decoding section 339. 

The sub-band signal generation section 331 
decodes an externally input signal into a sub-band 
signal. The sub-band signal addition/subtraction sec- 
tion 335 performs a preparatory process for the sub-band 
signal prior to the sub-band synthesis operation in order 
to reduce the amount of calculation required for the sub- 
band synthesis (see Konstantinos Konstantinides, "Fast 
Subband Filtering in MPEG Audio Coding", IEEE 1994). 

The sub-band synthesis section 332 performs a 
channel-by-channel sub-band synthesis filter operation 
using the sub-band synthesis filter data and the sub-band 
signals to generate an audio signal. The interleave 
section 337 takes samples of PCM data from the respective 
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channels and rearranges them in a predetermined order. 
The interleave section 337 includes an interleave divi- 
sion section 337A and an interleave storage area selec- 
tion section 337B. The interleave division section 337A 
5 divides the process into r steps, where r>2. 

In the present example, the interleave process is 
assumed to be performed in two steps (i.e., the first and 
second halves) as equally divided by the interleave divi- 

10 sion section 337A. The interleave storage area selection 
section 337B is for selectively using storage areas in 
the first memory section 310 for the interleave process 
depending upon whether the number of channels of the 
input audio coded signals to be decoded by the sub-band 

15 synthesis operation is even or odd. Specifically, when 
the number of channels to be decoded by the sub -band 
synthesis operation is even, the first memory area 311 is 
selected as the data storage area for the first half of 
the interleave process while the second memory area 312 

20 is selected as the data storage area for the second half 
of the interleave process. When the number of channels 
to be decoded is odd, the second memory area 312 is 
selected as the data storage area for the first half of 
the interleave process while the first memory area 311 is 

25 selected as the data storage area for the second half of 
the interleave process. 

The continuous transfer instruction section 333 
specifies specific memory areas respectively in the first 
30 memory section 310 and the second memory section 320, and 
instructs the data transfer controller 340 to perform one 
or more data transfer operations. The continuous trans- 
fer instruction section 333 includes a PCM data transfer 



P16186 

- 59 - 

instruction section 333A, a PCM data transfer/storage 
area selection section 333B and a specific data transfer 
completion detection indication section 333C. 

5 The PCM data transfer instruction section 333A 

instructs to transfer, between the first memory section 
310 and the second memory section 320, t-2 channels of 
PCM data, out of the t channels of PCM data, which are 
decoded respectively in the first to (t-2)th sub-band 

10 synthesis operations, where the number of channels of the 
input audio signals to be decoded by the sub-band synthe- 
sis operation is t (t>3). More specifically, the PCM 
data transfer instruction section 333A instructs to 
transfer the PCM data decoded respectively in the first 

15 to (t-2)th sub-band synthesis operations, along with the 
sub-band synthesis filter data of the respective chan- 
nels, from the first memory section 310 to the second 
memory section 320. Moreover, the PCM data transfer 
instruction section 333A instructs to transfer, in 

20 parallel with the sub-band synthesis operation for the 
final channel, the PCM data decoded respectively in the 
first to (t-2)th sub-band synthesis operations from the 
second memory section 320 to the first memory section 
310. 

25 

The PCM data storage area selection section 333B 
is for selectively using storage areas in the first 
memory section 310, to which PCM data is transferred, 
depending upon whether the number of channels of the 
30 audio coded signals to be decoded by the sub-band synthe- 

sis operation is even or odd, where the PCM data is 
transferred from the second memory section 320 to the 
first memory section 310 in parallel with the sub-band 
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synthesis operation for the final channel at the PCM data 
transfer instruction section 333A. In the present 
example,, the first memory area 311 is selected when the 
number of channels to be decoded is even, while the 
5 second memory area 312 is selected when the number of 
channels to be decoded is odd. 

The specific data transfer completion detection 
indication section 333C notifies the data transfer 

10 controller 340 of the detected completion of the p T th 
(l<p<q) transfer, where q (q>l) data transfer operations 
are performed between the first memory section 310 and 
the second memory section 320, In the present example, 
when it is instructed to transfer the sub-band synthesis 

15 filter data of the sub-band synthesis for the final 
channel from the first memory section 310 to the second 
memory section 320, the first transferred portion 
(corresponding to A2 in Figure 10) of the sub-band 
synthesis filter data for the final channel is assumed to 

20 be the p ' th transfer operation. 

The sub-band signal transfer section 336 trans- 
fers some or all of the sub-band signals for a specific 
channel in the first memory section 310 to a specific 
25 area in the first memory section 310, only when the 
number of sub-band synthesis channels for the input audio 
coded data is 3 or more. 

The specific data transfer completion detection 
30 section 338 receives, from the data transfer controller 
340, a signal indicating the detected completion of the 
p'th (l<p<q) transfer out of the q (q>l) data transfer 
operations between the first memory section 310 and the 
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second memory section 320. 

The virtual address allocation section 334 
assumes a virtual address exists following the actual 
5 address at a termination point of each of the memory 
areas 311A and 312A, and allocates the start point of the 
virtual address to the actual address at the start of 
each of the memory areas 311A and 312A. The virtual 
address allocation section 334 further allocates virtual 
10 addresses to the subsequent actual addresses in this 
manner sequentially. 

For the sub-band signal generation process, the 
sub-band synthesis process and the interleave process 

15 performed for decoding one frame of audio signals for 
each channel, the division decoding section 339 equally 
divides the processing unit, i.e., one frame, into y 
processing blocks (y<2), and performs the sub-band 
synthesis process. When b denotes the number of sub- 

20 bands while c denotes the number of samples generated in 
one processing block, the number a of samples of PCM data 
generated for each channel in one frame is bxcxy. In 
this example, for simplicity of the description, y=6, and 
the processing unit in the divided processes is a block. 

25 

For example, as shown by the format described in 
ISO/IEC 11172-3:1993 and 13818-3:1996, the number of sub- 
bands for sub-band signals generated by the sub-band 
signal generation section- 331 is 32 for each channel. 
30 The sample number of the sub-band signal samples in one 
frame is 1152 per channel. In the present example, since 
the sub-band signal generation process, the sub-band 
synthesis process and the interleave process performed 
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for one frame for each channel are each divided into six 
processing blocks, the number of samples of sub-band 
signals and PCM data generated in one block is 192 (32x6) 
for each channel . 

The data transfer controller 340 illustrated in 
Figure 19 transfers data from the first memory section 
310 to the second memory section 320 or from the second 
memory section 320 to the first memory section 310 based 
on the instructions from the continuous transfer instruc- 
tion section 333. The data transfer controller 340 
includes a specific data transfer completion detection 
transmission section 341 provided therein. 

The specific data transfer completion detection 
transmission section 341, based on the instruction from 
the continuous transfer instruction section 333 detects 
completion of the p f th (l<p<q) transfer out of the q 
(q>l) data transfer operations between the first memory 
section 310 and the second memory section 320. 

The operation section 330 instructs data transfer 
between one of the memory areas 311 and 312 and the 
second memory section 320 externally connected to the 
processor. In parallel with the subsequent data trans- 
fer, the operation section performs operation processes. 
When the operation section 330 performs the sub-band 
synthesis process, the sub-band synthesis filter opera- 
tion for one channel is performed using the other one of 
the memory areas. Moreover, for the operation processes, 
any of the memory areas 311, 312 and 313 may be used as 
long as the data transfer area in the first memory 
section 310 and the storage area for the calculated 
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values do not overlap each other. 

Thus, the generation of an audio signal and the 
transfer of the data are parallel-processed. For exam- 
ple, when the data transfer is performed between the 
first memory area 311 in the first memory section 310 and 
the second memory section 320, the operation section 330 
performs the sub-band synthesis operation using the data 
in the second memory area 312 in the first memory section 
310. When the data transfer is performed between the 
second memory area 312 and the second memory section 320, 
the operation section 330 performs the sub-band synthesis 
operation using the data in the first memory area 311. 

In Example 5, the arrangement of the sub-band 
synthesis filter data generated per channel and the 
change over time are similar to those in Example 4 (Fig- 
ures 9 to 11 ) . The correspondence of the virtual ad- 
dresses allocated to the first memory section .310 by the 
virtual address allocation section 334 in Figure 20 with 
respect to the actual addresses is also similar to that 
in Example 4 (Figure 12). Moreover, the operation 
described with reference to Figures 9 to 12 is the same 
as that illustrated in Example 4, and therefore will not 
be further described in the present example. 

Figures 21 to 32 illustrate data transfer charts 
in accordance with the present example. Twelve transfer 
charts 1 to 12 are illustrated in detail. 

The audio decoding device 300 having the above- 
described structure operates in the following manner. 
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First, when a bit stream (including encoded audio 
signals) of multi-channels of MPEG2 (five channels) is 
input, the operation section 330 gives the audio coded 
signals to the sub-band signal generation section 331, 
which decodes the signals into five-channel sub-band sig- 
nals . 

Transfer chart 1 of Figure 21 illustrates data 
transfer within the first memory section 310. Then, the 
operation section 330 writes the sub-band signals for the 
i'th channel (i=l in this example) into the memory area 
311B, the sub-band signals for the j 1 th channel (j=2 in 
this example) into the memory area 312B, the sub-band 
signals for the k r th channel (k=3 in this example) into 
a part of the memory area 311A, and the sub-band signals 
for the l f th channel (1=4 in this example) and the sub- 
band signals for the m'th channel (m=5 in this example) 
respectively into parts of the memory area 312A. 

Then, the operation section 330 requests the sub- 
band signal addition/subtraction section 335 to perform 
the addition/subtraction operation of the sub-band 
signals for the third channel. After the addi- 
tion/subtraction operation of the sub-band signals for 
the third channel, the operation section 330 instructs 
the sub-band signal transfer section 336 to transfer the 
first half of the sub-band signals for the third channel, 
for which the addition/subtraction operation has been 
performed, to the memory area 312C and the second half 
thereof to the memory area 313C. 

Transfer chart 2 of Figure 22 illustrates data 
transfer in the addition/subtraction operation for the 
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first:, second, fourth and fifth channels of sub-band 
signals . The continuous transfer instruction section 
333, based on the request from the operation section 330, 
instructs the data transfer controller 340 to transfer 
data in the following manner. 

As illustrated in Figure 22, the continuous 
transfer instruction section 333 instructs to transfer 
the sub-band synthesis filter data for the first channel 
stored in the memory area 321A in the second memory 
section 320 to the memory area 311A in the first memory 
section 310. 

Thus, the data transfer controller 340 transfers 
the sub-band signal data for the first channel from the 
memory area 321A to the memory area 311A. When the data 
transfer is completed, the data transfer controller 340 
notifies the operation section 330 of the completion of 
the transfer, via the specific data transfer completion 
detection transmission section 341. 

Next, the operation section 330 requests the 
continuous transfer instruction section 333 to perform 
data transfer, while making the sub-band signal addi- 
tion/subtraction section 335 start the addi- 
tion/subtraction operation of the first, second, fourth 
and fifth channels of sub-band signals. Thus, the 
operation section 330 transfers the sub-band synthesis 
filter data for the first channel from the memory area 
321A to the memory area 311A while the addi- 
tion/subtraction operation of the first, second, fourth 
and fifth channels of sub-band signals is performed in 
parallel . 
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Transfer chart; 3 of Figure 23 illustrates data 
transfer in the synthesis operation for the first channel 
of sub-band signals. When the operation section 330 is 
notified of the completion of transfer after the comple- 
tion of the addition/subtraction operation of the first, 
second, fourth and fifth channels of sub-band signals, 
the operation section 330 requests the continuous trans- 
fer instruction section 333 to transfer data in the 
following manner. 

As illustrated in Figure 23, the operation sec- 
tion 330 instructs to transfer the sub-band signals for 
the fourth and fifth channels and the first half of the 
sub-band signals for the third channel stored in the 
memory area 321A respectively to the memory areas 324B, 
325B and 323B in the second memory section 320. Then, 
the operation section 330 instructs to transfer the sub- 
band synthesis filter data for the second channel stored 
in the memory area 322A to the memory area 312A. 

In parallel with this, the operation section 330 
starts the sub-band synthesis filter operation of the 
first channel by the sub-band synthesis section 332 using 
the data in the first memory area 311. At this point, as 
in Example 4, the sub-band synthesis filter data in the 
data area 222-1 (Figure 9) is updated. In other words, 
the data at addresses 0x680 through 0x6ff in the first 
memory area 311 is updated. After that, the 32-sample 
audio signals are obtained by performing the multiply- 
accumulate operation, as in the expressions (6) and (7), 
16 times. 

In order to uniformize the order of assignment of 
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the window coefficient, the sub-band synthesis data used 
in the operation is assigned sequentially sample by 
sample, starting from the newly updated sample. 
Specifically, one sample corresponding to 1/16 of the 
5 newly-updated sub-band synthesis filter data, i.e., the 
data in the data area 201, is first assigned, and next 
one sample corresponding to 1/16 of the sub-band synthe- 
sis filter data updated by the immediately previous 
operation, i.e., the data in the data area 216, is then 
10 assigned, and so on, for the data in the data area 215, 

214 ... to 203 and 202. 

When the sub-band synthesis filter data in the 
data area 206 and later (0x400 - ) is assigned after the 

15 sub-band synthesis filter data in the data area 207 
(0xb80 through Oxbff) is assigned, circulating address 
processing is required on the actual addresses in order 
to set the addresses. The circulating address processing 
is performed by the following AND operation. Where the 

20 address before conversion is A, the address after the 
conversion B is: 

B= { ( A-0x400 ) x ( 0x7f f ) } +0x400 

25 where x represents the AND operation. 

However, the operation section 330 in this 
example includes the virtual address allocation section 
334 and thus does not require the circulating address 
30 processing including the AND operation. The data up to 
sub-band synthesis filter data at the actual addresses 
0x400 through 0x7ff, i.e., data areas 206 through 201, 
216 and 215 can be allocated using the virtual addresses 
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OxcOO through Oxfff. 

In the subsequent sub-band synthesis filter 
operation also, as shown in the rectangular area 222-2 
(Figure 9), the data in the data area 202 is updated, and 
the multiply-accumulate operation is performed using the 
sub-band synthesis filter data in the data areas 201, 216 
through 207, and 206 through 202, thereby obtaining an 
audio signal . 

Furthermore, also in the subsequent sub-band 
synthesis filter operation, as shown in the rectangular 
area 222-3 (Figure 9), the data in the data area 203 is 
updated, and the multiply-accumulate operation is per- 
formed using the sub-band synthesis filter data in the 
data areas 202 and 201, 216 through 207, and 206 through 
203, thereby obtaining an audio signal. 

Also in the sixth sub-band synthesis filter 
operation immediately before the transfer of the audio 
signal, as shown in the rectangular area 222-6 (Figure 
9), the data in the data area 206 is updated, and the 
multiply-accumulate operation is performed using the sub- 
band synthesis filter data in the data areas 205 through 
201, 216 through 207 and 206, thereby obtaining an audio 
signal- As described above, the multiply-accumulate 
operation with the window coefficient can be performed 
without circulating address processing in any of the sub- 
band synthesis filter operation performed six times. 

Transfer chart 4 of Figure 24 illustrates data 
transfer of the second half of the sub-band signals for 
the third channel within the first memory section 310. 
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After the completion of the sub-band synthesis operation 
for the first channel, the operation section 330 in- 
structs the sub-band signal transfer section 336 to 
transfer the second half data of the sub-band signals for 
5 the third channel stored in the memory area 313C in the 

first memory section 310 to the second half of the memory 
area 311B. The first channel PCM data decoded in the 
sub-band synthesis operation for the first channel in the 
data area 311B and the second half of the third channel 
10 sub-band signals are located so as not to overlap each 

other. 

On the other hand, the data transfer controller 
340 performs data transfer while the operation sec- 
15 tion 330 performs the sub-band synthesis filter operation 
and, when the transfer is completed, notifies the opera- 
tion section 330 of the completion of the transfer. 

When both the data transfer and the sub-band 
20 synthesis filter operation for the first channel are 
completed , the continuous transfer instruction section 
333 instructs the data transfer controller 340 to trans- 
fer data in the following manner based- on the request 
from the operation section 330. 

25 

Transfer chart 5 of Figure 25 illustrates data 
transfer in the sub-band synthesis operation for the 
second channel. As illustrated in Figure 25, the 
continuous transfer instruction section 333 instructs to 
30 transfer the sub-band synthesis filter data for the first 

channel stored in the memory area 311A in the first 
memory section 310 to the memory area 312A in the second 
memory section 320. 
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Then, the continuous transfer instruction section 
333 instructs the PCM data transfer instruction sec- 
tion 333A to transfer the PCM data for the first channel 
stored in the memory area 311B in the first memory 
5 section 310 to the memory area 321C in the second memory 

section 320. 

Moreover, the continuous transfer instruction 
section 333 instructs to transfer the sub-band synthesis 

10 filter data for the third channel stored in the memory 

area 323A in the second memory section 320 to the memory 
area 311A in the first memory section 310. The continu- 
ous transfer instruction section 333 also instructs to 
transfer the first half of the sub-band signals for the 

15 third channel stored in the memory area 323B in the 

second memory section 320 to the first half of the memory 
area 311B in the first memory section 310. 

The first half of the sub-band signals for the 
20 third channel which is transferred to the memory ar- 

ea 311B is located to be consecutive and not to overlap 
with the second half of the sub-band signals for the 
third channel, which have already been transferred and 
located. Then, the sub-band synthesis section 332 starts 
25 the sub-band synthesis filter operation for the second 

channel using the data in the second memory area 312. 

The data transfer of the sub-band synthesis 
filter data for the first channel is performed between 
30 222-6 (Figure 9) and 222-7 (Figure 10). The area 200 is 
divided into Al including the data areas 206 through 201 
and 216 through 213 and A2 including the data areas 212 
through 207, and the data in one of them is first trans- 
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f erred and the data in the other is then transferred. By 
such an operation, the order of assigning the addresses 
of the sub-band synthesis filter data for the subsequent 
transfer of the data for the first channel is exactly the 
5 same as that of the previous transfer. 

At this stage, the sub-band synthesis filter 
operation for the second channel is performed in the same 
manner as that for the first channel using the second 

10 memory area 312. The data transfer controller 340 
performs data transfer while the sub-band synthesis 
section 332 performs the sub-band synthesis filter 
operation. When the transfer is completed, the data 
transfer controller 340 notifies the operation section 

15 330 of the completion of the data transfer. 

Transfer chart 6 of Figure 26 illustrates data 
transfer in the sub-band synthesis operation for the 
third channel. When both the data transfer and the sub- 
20 band synthesis filter operation for the second channel 
are completed, the operation section 330 requests the 
continuous transfer instruction section 333 to transfer 
data in the following manner. 

25 As shown in transfer chart 6 (Figure 26), the 

continuous transfer instruction section 333 instructs to 
transfer the sub-band synthesis filter data for the 
second channel stored in the memory area 312A in the 
first memory section 310 to the memory area 322A in the 

30 second memory section 320. 

Next, the continuous transfer instruction section 
333 instructs the PCM data transfer instruction sec- 
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tion 333A to transfer the PCM data for the second channel 
stored in the memory area 312B in the first memory 
section 310 to the memory area 322C in the second memory 
section 320. 

5 

Moreover, the continuous transfer instruction 
section 333 instructs to transfer the sub-band synthesis 
filter data for the fourth channel stored in the memory 
area 324A in the second memory section 320 to the memory 
10 area 312A in the first memory section 310. 

Then, the continuous transfer instruction section 
333 instructs to transfer the sub-band signals for the 
fourth channel stored in the memory areas 324B to the 
15 memory area 312B in the first memory section 310. 

In parallel with the above transfer operation, 

the sub-band synthesis section 332 starts the sub-band 

synthesis filter operation for the third channel using 
20 the data in the memory area 311. 

The data transfer of the sub-band synthesis 
filter data for the second channel is performed between 
222-6 (Figure 9) and 222-7 (Figure 10) in the same manner 
25 as that for the first channel. The area 200 is divided 

into Al including the data areas 206 through 201 and 216 
through 213 and A2 including the data areas 212 through 
207, and the data in one of them is first transferred and 
the data in the other is then transferred. 

30 

At this stage, the sub-band synthesis filter 
operation for the third channel is performed in the same 
manner as that for the first or second channel using the 
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memory area 311. The data transfer controller 340 
performs data transfer while the sub-band synthesis 
section 332 performs the sub-band synthesis filter 
operation. When the transfer is completed , the data 
5 transfer controller 340 notifies the operation section 
330 of the completion of the data transfer. 

Transfer chart 7 of Figure 27 illustrates data 
transfer in the sub-band synthesis operation for the 
10 fourth channel. When both the data transfer and the sub- 

band synthesis filter operation for the third channel are 
completed , the operation section 330 requests the contin- 
uous transfer instruction section 333 to transfer data in 
the following manner. 

15 

As shown in transfer chart 7 (Figure 27), the 
continuous transfer instruction section 333 instructs to 
transfer the sub-band synthesis filter data for the third 
channel stored in the memory area 311A in the first 
20 memory section 310 to the memory area 323A in the second 
memory section 320. 

Next, the continuous transfer instruction section 
333 instructs the PCM data transfer instruction sec- 
25 tion 333A to transfer the PCM data for the third channel 

stored in the memory area 311B in the first memory 
section 310 to the memory area 323C in the second memory 
section 320 . 

30 Moreover, the continuous transfer instruction 

section 333 instructs to transfer the sub-band synthesis 
filter data for the fifth channel stored in the memory 
area 325A in the second memory section 320 to the memory 
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area 311A in the first: memory section 310. 

Then, the continuous transfer instruction section 
333 instructs to transfer the sub-band signals for the 
5 fifth channel stored in the memory areas 325B to the 

memory area 311B in the first memory section 310. 

In parallel with the above transfer operation, 
the sub-band synthesis section 332 starts the sub-band 
10 synthesis filter operation for the fourth channel using 

the data in the memory area 312. 

The data transfer of the sub-band synthesis 
filter data for the third channel is performed between 

15 222-6 (Figure 9) and 222-7 (Figure 10) in the same manner 

as that for the first or second channel. The area 200 is 
divided into Al including the data areas 206 through 201 
and 216 through 213 and A2 including the data areas 212 
through 207, and the data in one of them is first trans - 

20 f erred and the data in the other is then transferred. 

At this stage, the sub-band synthesis filter 
operation for the fourth channel is performed in the same 
manner as that for the first, second or third channel 

25 using the memory area 312. The data transfer controller 

340 performs data transfer while the sub-band synthesis 
section 332 performs the sub-band synthesis filter 
operation. When the transfer is completed, the data 
transfer controller 340 notifies the operation section 

30 330 of the completion of the data transfer. 

Transfer chart 8 of Figure 28 illustrates data 
transfer in the sub-band synthesis operation for the 
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fifth channel. When both the data transfer and the sub- 
band synthesis filter operation for the fourth channel 
are completed, the operation section 330 requests the 
continuous transfer instruction section 333 to transfer 
5 data in the following manner. 

As shown in transfer chart 8 (Figure 28), the 
continuous transfer instruction section 333 instructs to 
transfer the sub-band synthesis filter data for the 
10 fourth channel stored in the memory area 312A in the 

first memory section 310 to the memory area 324A in the 
second memory section 320. 

Next, the continuous transfer instruction section 
15 333 instructs a data transform operation, by the PCM data 

transfer instruction section 333A and the PCM data 
storage area selection section 333B, of the PCM data for 
the first, second and third channels from the memory ar- 
eas 321C, 322C and 323C in the second memory section 320 
20 to the first memory section 310. 

In the present example, since the number of 
channels to be decoded by the sub-band synthesis opera- 
tion is odd, the PCM data storage area selection sec- 
25 tion 333B selects an area in the memory area 312 subse- 
quent to the storage area for the fourth channel PCM data 
as the storage area for the PCM data. 

In parallel with the above transfer operation, 

30 the sub-band synthesis section 332 starts the sub-band 

synthesis filter operation for the fifth channel using 
the data in the memory area 311. 



10 
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The data transfer of the sub-band synthesis 
filter data for the fourth channel is performed between 
222-6 (Figure 9) and 222-7 (Figure 10) in the same manner 
as that for the first, second or third channel. The area 
200 is divided into Al including the data areas 206 
through 201 and 216 through 213 and A2 including the data 
areas 212 through 207, and the data in one of them is 
first transferred and the data in the other is then 
transferred. 



At this stage, the sub-band synthesis filter 
operation for the fifth channel is performed in the same 
manner as that for the first, second, third or fourth 
channel using the memory area 311. The data transfer 
15 controller 340 performs data transfer while the sub-band 

synthesis section 332 performs the sub-band synthesis 
filter operation. When the transfer is completed, the 
data transfer controller 340 notifies the operation 
section 330 of the completion of the data transfer. 

20 

Transfer chart 9 of Figure 29 illustrates data 
transfer in the first half of the interleave operation. 
When both the data transfer and the sub-band synthesis 
filter operation for the fifth channel are completed, the 
25 operation section 330 requests the continuous transfer 
instruction section 333 to transfer data in the following 
manner . 



As shown in transfer chart 9 (Figure 29), the 
30 continuous transfer instruction section 333 instructs to 

transfer the sub-band synthesis filter data for the fifth 
channel stored in the memory area 311 A in the first 
memory section 310 to the memory area 325A in the second 
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memory section 320. 

The data transfer of the sub-band synthesis 
filter data for the fifth channel is performed between 
5 222-6 (Figure 9) and 222-7 (Figure 10) in the same manner 
as that for the first, second, third or fourth channel. 
The area 200 is divided into Al including the data areas 
206 through 201 and 216 through 213 and A2 including the 
data areas 212 through 207, and the data in one of them 
10 is first transferred and the data in the other is then 

transferred . 

The fifth channel is the final channel for the 
sub-band synthesis operation, and the sub-band synthesis 

15 filter data for the final channel is transferred in two 

steps. The completion of the transfer of the first 
transfer portion illustrated in Figure 29 is detected by 
the specific data transfer completion detection indica- 
tion section 333C, and the data transfer controller 340 

20 is requested to perform a data transfer operation. 

In parallel with the above transfer operation, 
the interleave section 337 starts an interleave operation 
with the PCM data for the first, second, third and fourth 
25 channels stored in the memory area 312 and the PCM data 

for the fifth channel stored in the memory area 311. 

The interleave operation by the interleave 
section 337 is performed in two steps as divided by the 
30 interleave division section 337A. In particular, the 

first half of the interleave operation is performed with 
the first 96 samples (i.e., the first half) of the 192 
samples of the PCM data for each channel , and then the 
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second half of the interleave operation is performed with 
the latter 96 samples (i.e., the second half) thereof. 

The interleave operation illustrated in transfer 
5 chart 9 (Figure 29) corresponds to the first half of the 

divided interleave operation. Since the number of 
channels to be decoded by the sub-band synthesis opera- 
tion is odd in the present example, the interleave 
storage area selection section 337B selects an area in 
10 the memory area 312 subsequent to the PCM data storage 

area as the storage area for the first half of the 
interleaved data. 

The data transfer controller 340 performs data 
15 transfer while the interleave section 337 performs the 
first half of the interleave operation. When the first 
transfer portion of the sub -band synthesis filter data 
for the fifth channel has been transferred , the specific 
data transfer completion detection transmission sec- 
20 tion 341 detects the completion of the transfer of the 
first transfer portion of the sub-band synthesis filter 
data for the fifth channel. Then, after the section 341 
transmits a signal indicating the detection of the 
completion to the operation section 330, a data transfer 
25 operation for the second transfer portion of the sub-band 
synthesis filter data for the fifth channel is started. 

Transfer chart 10 of Figure 30 illustrates data 
transfer in the second half of the interleave operation. 
30 The operation section 330 detects completion of the first 
half of the interleave operation by the interleave 
section 337 and the completion of the transfer of the 
first transfer portion of the sub-band synthesis filter 
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data for the fifth channel by the specific data transfer 
completion detection section 338. Then, the operation 
section 330 resumes the interleave operation by the 
interleave section 337, 

5 

The interleave operation illustrated in transfer 
chart 10 (Figure 30) corresponds to the second half of 
the divided interleave operation. Since the number of 
channels to be decoded by the sub-band synthesis opera- 
10 tdon is odd in the present example, the interleave 
storage area selection section 337B selects an area in 
the memory area 311 subsequent to the fifth channel PCM 
data storage area as the storage area for the second half 
of the interleaved data. 

15 

Transfer chart 11 of Figure 31 illustrates data 
transfer in the first memory section 310. When the 
second half of the interleave operation by the interleave 
section 337 is completed, the operation section 330 
20 transfers the second half of the interleaved data stored 
in the memory area 311 in the first memory section 310 to 
the memory area 312, as illustrated in Figure 31. 

Transfer chart 12 of Figure 32 illustrates data 
25 transfer of the interleaved data. When the second half 
of the interleaved data has been transferred to the 
memory area 312, the operation section 330 requests the 
continuous transfer instruction section 333 to transfer 
data in the following manner. 



30 



As illustrated in Figure 32, the continuous 
transfer instruction section 333 instructs to transfer 
the interleaved data stored in the memory area 312 in the 
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first memory section 310 to the memory area 326 in the 
second memory section 320 . 

The data transfer of the interleaved data is 
5 performed in two steps (i.e., the first and second 
halves ) . One of the first and second halves of the 
interleaved data is first transferred and the other half 
thereof is then transferred. The first half of the 
interleaved data is stored in the first half of the 
10 memory area 326 in the second memory section 320 while 
the second half of the interleaved data is stored in the 
second half of the memory area 326 in the second memory 
section 320. 

15 Example 6 

An audio decoding device of Example 6 receives 
coded signals for multi-channels (four channels) of the 
layer 2 of MPEG2 and decodes the coded signals into an 
audio signal. The layer 2 of MPEG2 is described in 

20 detail in ISO/IEC 11172-3:1993 and 13818-3:199 6. 

The configuration of the decoding device of 
Example 6 is similar to that of Example 5 illustrated in 
Figures 19 and 20, and the only difference therebetween 
25 is the number of channels. Therefore, the configuration 

of the decoding device of Example 6 will not be described 
below . 

In Example 6, the arrangement of the sub-band 
30 synthesis filter data generated per channel and the 

change over time are similar to those in Example 4 
(Figures 9 to 11). The correspondence of the virtual 
addresses allocated to the first memory section 310 by 
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the virtual address allocation section 334 in Figure 20 
with respect to the actual addresses is also similar to 
that in Example 4 (Figure 12). 

5 The operation of the decoding device of Example 

6 will be described with reference to data transfer 
charts illustrated in Figures 33 to 43. 

First, when a bit stream (including encoded audio 
10 signals) of multi-channels of MPEG2 (four channels) is 

input, the operation section 330 gives the encoded audio 
signals to the sub-band signal generation section 331 , 
which decodes the encoded audio signals into four-channel 
sub-band signals- Then, the sub-band signals for the 
15 i 1 th channel (i=l in this example) are written into the 

memory area 311B, and the sub-band signals for the j T th 
channel ( j=2 in this example) are written into the memory 
area 312B. The sub-band signals for the k 1 th channel 
(k=3 in this example) are written into a part of the 
20 memory area 311A, and the sub-band signals for the 1 1 th 
channel (1=4 in this example) are written into a part of 
the memory area 312A. 

Transfer chart 1 of Figure 33 illustrates data 
25 transfer within the first memory section 310 in the addi- 
tion/subtraction operation of the sub-band signals for 
the third channel. The operation section 330 requests 
the sub-band signal addition/subtraction section 335 to 
perform an addition/subtraction of the sub-band signals 
30 for the third channel. Then, after the addi- 

tion/subtraction operation of the sub-band signals for 
the third channel has been performed, the operation 
section 330 instructs the first half of the third channel 
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sub-band signals , for which the addition/ subtraction 
operation has been performed, to the memory area 312C and 
the second half thereof to the memory area 313C. 

5 Transfer chart 2 of Figure 34 illustrates data 

transfer in the addition/subtraction operation for the 
first, second and fourth channels of sub-band signals. 
The continuous transfer instruction section 333, based on 
the request from the operation section 330, instructs the 
10 data transfer controller 340 to transfer data in the 
following manner* 

As illustrated in Figure 34, the continuous 
transfer instruction section 333 instructs to transfer 
15 the sub-band synthesis filter data for the first channel 
stored in the memory area 321A in the second memory 
section 320 to the memory area 311A in the first memory 
section 310 . 

20 Thus, the data transfer controller 340 transfers 

the sub-band signal data for the first channel from the 
memory area 321A to the memory area 311A. When the data 
transfer is completed, the data transfer controller 340 
notifies the operation section 330 of the completion of 

25 the transfer. 

The operation section 330 further requests the 
continuous transfer instruction section 333 to perform 
data transfer, while making the sub-band signal addi- 
30 tion/subtraction section 335 start the addi- 

tion/subtraction operation of the first, second and 
fourth channels of sub-band signals. Thus, the sub-band 
synthesis filter data for the first channel is trans- 
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ferred from the memory area 321A to the memory area 311A 
while the addition/subtraction operation of the first, 
second and fourth channels of sub-band signals is per- 
formed in parallel. 

5 

Transfer chart 3 of Figure 35 illustrates data 
transfer in the synthesis operation for the first channel 
of sub-band signals. When the operation section 330 is 
notified of the completion of transfer after the comple- 
10 tion of the addition/subtraction operation of the first, 
second and fourth channels of sub-band signals, the 
operation section 330 requests the continuous transfer 
instruction section 333 to transfer data in the following 
manner . 

15 

As illustrated in Figure 35, operation sec- 
tion 330 instructs to transfer the sub-band signals for 
the second and fourth channels and the first half of the 
sub-band signals for the third channel stored in the 
20 memory area 321A respectively to the memory areas 323B, 
324B and 325B in the second memory section 320. Then, 
operation section 330 instructs to transfer the sub-band 
synthesis filter data for the second channel stored in 
the memory area 322A to the memory area 312A. 

25 

In parallel with this, the operation section 330 
starts the sub-band synthesis filter operation of the 
first channel by the sub-band synthesis section 332 using 
the data in the first memory area 311. 

30 

Transfer chart 4 of Figure 36 illustrates data 
transfer of the second half of the sub-band signals for 
the third channel within the first memory section 310. 
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After the completion of the sub-band synthesis operation 
for the first channel , the operation section 330 in- 
structs the sub-band signal transfer section 336 to 
transfer the second half data of the sub-band signals for 
5 the third channel stored in the memory area 313C in the 
first memory section 310 to the second half of the memory 
area 311B. The first channel PCM data decoded in the 
sub-band synthesis operation for the first channel in the 
data area 311B and the second half of the third channel 
10 sub-band signals are located so as not to overlap each 
other. 

Transfer chart 5 of Figure 37 illustrates data 
transfer in the sub-band synthesis operation for the 
15 second channel. The data transfer controller 340 per- 

forms data transfer while the operation section 330 
performs the sub-band synthesis filter operation and, 
when the transfer is completed, notifies the operation 
section 330 of the completion of the transfer. 

20 

When both the data transfer and the sub-band 
synthesis filter operation for the first channel are 
completed, the continuous transfer instruction section 
333 instructs the data transfer controller 340 to trans- 
25 fer data in the following manner based on the request 
from the operation section 330. 

As illustrated in Figure 37, the continuous 
transfer instruction section 333 instructs to transfer 
30 the sub-band synthesis filter data for the first channel 
stored in the memory area 311A in the first memory 
section 310 to the memory area 321A in the second memory 
section 320. 
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Next, the continuous transfer instruction section 
333 instructs the PCM data transfer instruction sec- 
tion 333A to transfer the PCM data for the first channel 
stored in the memory area 311B in the first memory 
5 section 310 to the memory area 321C in the second memory 

section 320, 



Moreover, the continuous transfer instruction 
section 333 instructs to transfer the sub-band synthesis 

10 filter data for the third channel stored in the memory 
area 323A in the second memory section 320 to the memory 
area 311A in the first memory section 310. The continu- 
ous transfer instruction section 333 also instructs to 
transfer the first half of the sub-band signals for the 

15 third channel stored in the memory area 323B in the 
second memory section 320 to the first half of the memory 
area 311B in the first memory section 310. 

The first half of the sub-band signals for the 
20 third channel which is transferred to the memory ar- 
ea 311B is located to be consecutive and not to overlap 
with the second half of the sub-band signals for the 
third channel, which have already been transferred and 
located. Then, the sub-band synthesis section 332 starts 
25 the sub-band synthesis filter operation for -the second 

channel using the data in the second memory area 312. 



At this stage, the sub-band synthesis filter 
operation for the second channel is performed in the same 
30 manner as that for the first channel using the second 
memory area 312. The data transfer controller 340 
performs data transfer while the sub-band synthesis 
section 332 performs the sub-band synthesis filter 
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operation. When the transfer is completed, the data 
transfer controller 340 notifies the operation section 
330 of the completion of the data transfer. 

5 Transfer chart 6 of Figure 38 illustrates data 

transfer in the sub-band synthesis operation for the 
third channel. When both the data transfer and the sub- 
band synthesis filter operation for the second channel 
are completed, the operation section 330 requests the 
10 continuous transfer instruction section 333 to transfer 
data in the following manner. 

As shown in transfer chart 6 (Figure 38), the 
continuous transfer instruction section 333 instructs to 
15 transfer the sub-band synthesis filter data for the 

second channel stored in the memory area 312A in the 
first memory section 310 to the memory area 322A in the 
second memory section 320. 

20 Next, the continuous transfer instruction section 

333 instructs the PCM data transfer instruction sec- 
tion 333A to transfer the PCM data for the second channel 
stored in the memory area 312B in the first memory 
section 310 to the memory area 322C in the second memory 

25 section 320. 

Moreover, the continuous transfer instruction 
section 333 instructs to transfer the sub-band synthesis 
filter data for the fourth channel stored in the memory 
30 area 324A in the second memory section 320 to the memory 

area 312A in the first memory section 310. 



Then, the continuous transfer instruction section 
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333 instructs to transfer the sub-band signals for the 
fourth channel stored in the memory areas 324B to the 
memory area 312B in the first memory section 310, 

5 In parallel with the above transfer operation, 

the sub-band synthesis section 332 starts the sub-band 

synthesis filter operation for the third channel using 
the data in the memory area 311. 

10 At this stage, the sub-band synthesis filter 

operation for the third channel is performed in the same 
manner as that for the first or second channel using the 
memory area 311. The data transfer controller 340 
performs data transfer while the sub-band synthesis 

15 section 332 performs the sub-band synthesis filter 

operation. When the transfer is completed, the data 
transfer controller 340 notifies the operation section 
330 of the completion of the data transfer. 

20 Transfer chart 7 of Figure 39 illustrates data 

transfer in the sub-band synthesis operation for the 
fourth channel. When both the data transfer and the sub- 
band synthesis filter operation for the third channel are 
completed, the operation section 330 requests the contin- 

25 uous transfer instruction section 333 to transfer data in 

the following manner. 

As shown in transfer chart 7 (Figure 39), the 
continuous transfer instruction section 333 instructs to 
30 transfer the sub-band synthesis filter data for the third 
channel stored in the memory area 311A in the first 
memory section 310 to the memory area 323A in the second 
memory section 320. 
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Next, the continuous transfer instruction section 
333 instructs a data transform operation, by the PCM data 
transfer instruction section 333A and the PCM data 
storage area selection section 333B, of the PCM data for 
5 the first and second channels from the memory areas 321C 

and 322C in the second memory section 320 to the first 
memory section 310. 

In the present example, since the number of 
10 channels to be decoded by the sub-band synthesis opera- 
tion is even, the PCM data storage area selection sec- 
tion 333B selects an area in the memory area 311 subse- 
quent to the storage area for the third channel PCM data. 

15 In parallel with the above transfer operation, 

the sub-band synthesis section 332 starts the sub-band 
synthesis filter operation for the fourth channel using 
the data in the memory area 312. 

20 At this stage, the sub-band synthesis filter 

operation for the fourth channel is performed in the same 
manner as that for the first, second, or third channel 
using the memory area 311. The data transfer controller 
340 performs data transfer while the sub-band synthesis 

25 section 332 performs the sub-band synthesis filter 

operation. When the transfer is completed, the data 
transfer controller 340 notifies the operation section 
330 of the completion of the data transfer. 

30 Transfer chart 8 of Figure 40 illustrates data 

transfer in the first half of the interleave operation. 
When both the data transfer and the sub-band synthesis 
filter operation for the fourth channel are completed, 
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the operation section 330 requests the continuous trans- 
fer instruction section 333 to transfer data in the 
following manner . 

As shown in transfer chart 8 (Figure 40), the 
continuous transfer instruction section 333 instructs to 
transfer the sub-band synthesis filter data for the 
fourth channel stored in the memory area 312A in the 
first memory section 310 to the memory area 324A in the 
second memory section 320 . 

The data transfer of the sub-band synthesis 
filter data for the fourth channel is performed, as that 
for the first, second or third channel, while dividing 
the data area indicated by 222-6 (Figure 9) into Al 
including the data areas 206 through 201 and 216 through 
213 and A2 including the data areas 212 through 207, and 
the data in one of them is first transferred and the data 
in the other is then transferred. 

The fourth channel is the final channel for the 
sub-band synthesis operation, and the sub-band synthesis 
filter data for the final channel is transferred in two 
steps. The completion of the transfer of the first 
transfer portion illustrated in Figure 29 is detected by 
the specific data transfer completion detection indica- 
tion section 333C, and the data transfer controller 340 
is requested to perform a data transfer operation. 

In parallel with the above transfer operation, 
the interleave section 337 starts an interleave operation 
with the PCM data for the first, second and third chan- 
nels stored in the memory area 311 and the PCM data for 
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the fourth channel stored in the memory area 312. 

In the present example, the interleave operation 
by the interleave section 337 is divided into two steps 
5 by the interleave division section 337A. In particular, 
the first half of the interleave operation is performed 
with the first 96 samples (i.e., the first half) of the 
192 samples of the PCM data for each channel, and then 
the second half of the interleave operation is performed 
10 with the latter 96 samples (i.e., the second half) there- 
of. 

The interleave operation illustrated in transfer 
chart 8 (Figure 40) corresponds to the first half of the 

15 divided interleave operation. Since the number of 

channels to be decoded by the sub-band synthesis opera- 
tion is even in the present example, the interleave 
storage area selection section 337B selects an area in 
the memory area 311 subsequent to the PCM data storage 

20 area as the storage area for the first half of the 
interleaved data. 

The data transfer controller 340 performs data 
transfer while the interleave section 337 performs the 

25 first half of the interleave operation. When the first 

transfer portion of the sub-band synthesis filter data 
for the fourth channel has been transferred, the specific 
data transfer completion detection transmission sec- 
tion 341 detects the completion of the transfer of the 

30 first transfer portion of the sub-band synthesis filter 

data for the fourth channel. Then, after the section 341 
transmits a signal indicating the detection of the 
completion to the operation section 330, a data transfer 
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operation for the second transfer portion of the sub-band 
synthesis filter data for the fourth channel is started. 

Transfer chart 9 of Figure 41 illustrates data 
transfer in the second half of the interleave operation. 
The operation section 330 detects completion of the first 
half of the interleave operation by the interleave 
section 337 and the completion of the transfer of the 
first transfer portion of the sub-band synthesis filter 
data for the fourth channel by the specific data transfer 
completion detection section 338. Then, the operation 
section 330 resumes the interleave operation by the 
interleave section 337. 

The interleave operation illustrated in transfer 
chart 9 (Figure 41) corresponds to the second half of the 
divided interleave operation. Since the number of 
channels to be decoded by the sub-band synthesis opera- 
tion is even in the present example, the interleave 
storage area selection section 337B selects an area in 
the memory area 312 subsequent to the fourth channel PCM 
data storage area as the storage area for the second half 
of the interleaved data. 

Transfer chart 10 of Figure 42 illustrates data 
transfer for finishing the second half of the interleave 
operation. When the data transfer and the second half of 
the interleave operation by the interleave section 337 
are completed, the operation section 330 transfers the 
first half of the interleaved data stored in the memory 
area 311 in the first memory section 310 to the memory 
area 312, as illustrated in Figure 42. 
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Transfer chart 11 of Figure 43 illustrates data 
transfer of the interleaved data within the first memory 
section 310. when the second half of the interleaved 
data has been transferred to the memory area 312, the 
operation section 330 requests the continuous transfer 
instruction section 333 to transfer data in the following 
manner . 

As illustrated in Figure 43, the continuous 
transfer instruction section 333 instructs to transfer 
the interleaved data stored in the memory area 312 in the 
first memory section 310 to the memory area 326 in the 
second memory section 320. 

The data transfer of the interleaved data is 
performed in two steps (i.e., the first and second 
halves). One of the first and second halves of the 
interleaved data is first transferred and the other half 
thereof is then transferred. The first half of the 
interleaved data is stored in the first half of the 
memory area 326 in the second memory section 320 while 
the second half of the interleaved data is stored in the 
second half of the memory area 326 in the second memory 
section 320. 

Thereafter, the four channels of decoded PCM 
audio signals are simultaneously output. 

The decoding devices of Examples 5 and 6 each use 
a DRAM, which is less expensive than an SRAM, as the 
second memory section 320. Data for all of the channels 
is stored in the second memory section 320, and the data 
therein can be transferred to the first memory section 



P16186 

- 93 - 

310 using the data transfer controller 340 as necessary. 
Thus, it is possible to reproduce multiple channels of 
encoded audio signals at a high speed without increasing 
the size of the internal memory provided in the proces- 
sor. Moreover, an externally-provided SRAM can be 
eliminated, thereby reducing the cost of the device. 

Moreover, each of the decoding devices of Exam- 
ples 5 and 6 allows for the sub-band synthesis filter 
operation to be performed in parallel with the data 
transfer, and thus the time period required for the 
operation processing can be shortened by the time period 
required for the data transfer. Since an amount of data 
corresponding to a plurality of transfer operations can 
be transferred by a single transfer operation, the 
circulating address processing and the shift processing 
of the sub-band synthesis filter data are not required in 
the sub-band synthesis operation, where a virtual address 
allocation section is used. 

Furthermore, in each of the decoding devices of 
Examples 5 and 6, the k'th channel of sub-band signals is 
temporarily transferred to the first memory section 310, 
whereby the time period required for the data transfer is 
reduced . 

Furthermore, in each of the decoding devices of 
Examples 5 and 6, the addition/subtraction operation of 
the sub-band signals is performed in parallel with the 
data transfer of the sub-band synthesis filter data for 
the i ' th channel from the second memory section 320 to 
the first memory section 310, thereby reducing the 
waiting time for the data transfer. 
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Furthermore, in each of the decoding devices of 
Examples 5 and 6, the addition/subtraction operations of 
the sub-band signals for the i'th, j'th, 1 ' th and m'th 
channels are performed in parallel with the data transfer 
of the sub-band synthesis filter data for the i'th 
channel from the second memory section 320 to the first 
memory section 310, thereby reducing the waiting time for 
the data transfer. 

Furthermore, in each of the decoding devices of 
Examples 5 and 6, after the sub-band synthesis operation 
for the final channel has been completed, the interleave 
operation is performed by the interleave section in 
parallel with the transfer of the sub-band synthesis 
filter data from the first memory section to the second 
memory section, thereby reducing the waiting time for the 
data transfer. 

Furthermore, each of the decoding devices of 
Examples 5 and 6 includes the interleave division section 
for dividing the interleave operation into r steps (r=2 
in the above examples). Therefore, since the interleave 
operation can be divided into a plurality of steps, it is 
not necessary to provide successive memory areas for 
storing the interleaved data. The required memory size 
of the first memory section is accordingly reduced, 
thereby reducing the cost of the device. Moreover, such 
division of the interleave operation reduces the 
consecutive amount of time required for one operation 
step, thereby facilitating the scheduling of operations 
to be performed in parallel with the data transfer opera- 
tions . 
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Furthermore, in each of the decoding devices of 
Examples 5 and 6, a particular data transfer operation in 
a series of data transfer operations can be detected, 
thereby, with the use of the divided interleave opera- 
tion, allowing for highly-efficient signal process sched- 
uling . 

Furthermore, each of the decoding devices of 
Examples 5 and 6 includes the PCM data transfer instruc- 
tion section for temporarily moving the PCM data to the 
second memory section in parallel with the sub-band 
synthesis operation. Thus, it is only necessary to 
ensure a storage area for storing PCM data for all 
channels, which is needed for an interleave operation, 
from a time in the sub-band synthesis operation for the 
final channel to the time of interleave operation. After 
the sub-band synthesis filter data for the previous 
channel has been transferred to the second memory sec- 
tion, ^ the areas in the first memory section, in which 
some of the sub-band signals and the sub-band synthesis 
filter data for the previous channel have been stored, 
may be assigned for the PCM data which has been trans- 
ferred to and temporarily stored in the second memory 
section. Therefore, it is not necessary to provide a 
special memory area for PCM data in the first memory 
section, thereby accordingly reducing the size of the 
first memory section . 

Furthermore, each of the decoding devices of 
Examples 5 and 6 includes the PCM data storage area 
selection section. Therefore, when the PCM data neces- 
sary for the interleave operation is transferred from the 
second memory section 320 to the first memory sec- 
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tion 310, the data transfer can be performed in parallel 
with the sub-band synthesis operation for the final 
channel, regardless of whether the number of channels to 
be decoded by the sub-band synthesis operation is odd or 
even. Thus, the amount of calculation required can be 
accordingly reduced. 

Furthermore, each of the decoding devices of 
Examples 5 and 6 includes the interleave storage area 
selection section, which makes it possible to start the 
interleave operation using a memory area which does not 
overlap with the data transfer area used for the sub-band 
synthesis operation for the final channel, regardless of 
whether the number of channels to be decoded by the sub- 
band synthesis operation is odd or even. Thus, the 
interleave operation can be performed in parallel with a 
data transfer operation. 

Furthermore, each of the decoding devices of 
Examples 5 and 6 includes the division decoding section 
for dividing one frame into six portions for a decoding 
operation, whereby only a memory area corresponding to 
1/6 frame is required for the sub-band signals for each 
channel . Thus, the memory size of the first memory 
section is accordingly reduced. 

In Examples 5 and 6, for simplicity of the de- 
scription, the number of channels for input signals is 
assumed to be five and four, respectively. However, the 
number of channels is not limited to any specific value. 

Moreover, in each of the decoding devices of 
Examples 5 and 6, for simplicity of the description, the 
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number of steps into which the interleave operation is 
divided by the interleave division section is assumed to 
be 2. However , the interleave operation can be divided 
into three or more steps, or it does not necessarily have 
to be equally divided. 

Furthermore, in each of the decoding devices of 
Examples 5 and 6, for simplicity of the description, the 
memory areas 312 and 313 are assumedly used as the 
destination to which the sub-band signals are transferred 
by the sub-band signal transfer section. However, the 
destination is not limited to the above. Moreover, the 
number and data size of divisions of the sub-band signals 
for transfer operations are not limited to the above. 

In each of the decoding devices of Examples 5 and 
6, when the number of channels to be decoded by the sub- 
band synthesis operation is even, the first memory area 
311 is selected for storing the first half of the 
interleaved data while the second memory area 312 is 
selected for storing the second half of the interleaved 
data. When the number of channels to be decoded by the 
sub-band synthesis operation is odd, the second memory 
area 312 is selected for storing the first half of the 
interleaved data while the first memory area 311 is 
selected for storing the second half of the interleaved 
data. However, such a selection is not limited thereto 
and can be changed depending upon the operation and data 
transfer schedules . 

Furthermore, in each of the decoding devices of 
Examples 5 and 6, for simplicity of the description, it 
is assumed that the PCM data storage area selection sec- 
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tion 333B selects the first memory area 311 when the 
number of channels to be decoded by the sub-band synthe- 
sis operation is even, while it selects the second memory 
area 312 when the number of channels to be decoded is 
odd. However, such a selection is not limited thereto 
and can be changed depending upon the operation and data 
transfer schedules. 

The above-described compressed code decoding 
devices of Examples 4 to 6 provide the following effects. 

It is possible to reduce the required capacity of 
the high-speed access memory. Thus, the cost of the 
decoding device can be accordingly reduced from that of 
the conventional device. 

The sub-band synthesis filter operation can be 
performed in parallel with a data transfer operation. 
Thus, the amount of time required for data transfer 
operations is substantially eliminated, thereby consider- 
ably reducing the processing time. 

A plurality of data transfer operations can be 
instructed with a single issuance of instruction, whereby 
it is possible to divide the data to be transferred using 
a predetermined address and then to transfer the divided 
data one after another. Thus, it is possible to reduce 
the amount of time required for the circulating address 
processing. Moreover, since it is possible to perform a 
multiple data transfer operations, it is easier to 
schedule data transfer operations in accordance with the 
amount of time required for generating output data. For 
example, while a plurality of data transfer operations 
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are performed in parallel with the sub-band synthesis 
operation, it is not necessary to discontinue the sub- 
band synthesis operation, to wait for or confirm comple- 
tion of the data transfer, or to issue a transfer in- 
struction. Thus, time loss caused by the data transfer 
can be reduced, thereby also the entire processing time. 

Since the virtual address allocation section is 
provided, the operations required for circulating address 
processing are eliminated, thereby reducing the entire 
processing time. 

The sub-band signal transfer section is provided 
for temporarily transferring the sub-band signals for the 
third channel to the first memory section, thereby 
reducing the amount of data transfer required. 
Accordingly, the amount of time required for data trans- 
fer is reduced, thus reducing the amount of calculation 
required . 

The sub-band signal transfer section is provided 
independently of the sub-band synthesis section. There- 
fore, the sub-band signal addition/subtraction operation 
is performed in parallel with the first data transfer 
operation conducted for the sub-band synthesis filter 
data from the second memory section to the first memory 
section after the input encoded audio data is encoded 
into sub-band signals for different sub-bands. Thus, the 
waiting time for data transfer is reduced, thereby 
accordingly reducing the amount of computation required. 

The interleave section is provided for performing 
the interleave operation in parallel with the transfer 
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operation conducted for the sub-band synthesis filter 
data from the first memory section to the second memory 
section after the sub-band synthesis operation for the 
final channel has been completed. Thus, the waiting time 
for data transfer is reduced, thereby accordingly reduc- 
ing the amount of computation required. 

Since the interleave division section is provided 
for dividing the interleave operation, it is not neces- 
sary to provide successive memory areas for storing the 
interleaved data. Thus, the required memory size of the 
first memory section is accordingly reduced, thereby 
reducing the cost of the device. Moreover, such division 
of the interleave operation reduces the consecutive 
amount of time required for one operation step, thereby 
facilitating the scheduling of operations to be performed 
in parallel with the data transfer operations. 

A particular data transfer operation in a series 
of data transfer operations can be detected, thereby, 
with the use of the divided interleave operation, allow- 
ing for highly-efficient signal process scheduling. 

Since the interleave storage area selection sec- 
tion is provided, it is possible to start the interleave 
operation using a memory area which does not overlap with 
the data transfer area used for the sub-band synthesis 
operation for the final channel, regardless of whether 
the number of channels to be decoded by the sub-band 
synthesis operation is odd or even. Thus, the interleave 
operation can be performed in parallel with a data 
transfer operation, thereby accordingly reducing the 
amount of calculation required. 
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The PCM data transfer instruction section for 
temporarily moving the PCM data to the second memory 
section in parallel with the sub-band synthesis opera- 
tion. Thus, it is only necessary to ensure a storage 
5 area for storing PCM data for all channels, which is 
needed for an interleave operation, from a time in the 
sub-band synthesis operation for the final channel to the 
time of interleave operation. After the sub-band synthe- 
sis filter data for the previous channel has been trans- 

10 ferred to the second memory section, the areas in the 
first memory section, in which some of the sub-band 
signals and the sub-band synthesis filter data for the 
previous channel have been stored, may be assigned for 
the PCM data which has been transferred to and temporari- 

15 ly stored in the second memory section. Therefore, it is 
not necessary to provide a special memory area for PCM 
data in the first memory section, thereby accordingly 
reducing the size of the first memory section. 

20 Since the PCM data storage area selection section 

is provided, when the PCM data necessary for the inter- 
leave operation is transferred from the second memory 
section to the first memory section, the data transfer 
can be performed in parallel with the sub-band synthesis 

25 operation for the final channel, regardless of whether 
the number of channels to be decoded by the sub-band 
synthesis operation is odd or even. Thus, the amount of 
calculation required can be accordingly reduced. 

30 Since the division decoding section is provided, 

the memory areas required for the sub-band signals for 
the respective channels can be reduced, thereby accord- 
ingly reducing the memory size of the first memory 
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section . 



Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the 
claims be broadly construed. 
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WHAT IS CLAIMED IS: 

1- A compressed code decoding device, comprising: 

a decoding section for receiving a plurality of 
groups of blocks of compressed codes and decoding each of 
the blocks of compressed codes; 

a buffer section for storing decoded signals 
decoded by the decoding section; 

a reproduction time acquisition section for 
acquiring a reproduction time at which to reproduce a 
predetermined one of the blocks; 

an output section for externally outputting the 
decoded signals stored in the buffer section; 

a detection section for detecting that the 
predetermined block of compressed codes has been decoded 
and output via the output section; 

an addition section for, at a time when the 
detection section detects that the predetermined block 
has been output, adding a time required for reproducing 
the predetermined block to the reproduction time acquired 
by the reproduction time acquisition section so as to 
produce a synchronization time; 

a synchronization section for comparing the 
synchronization time produced by the addition section and 
a current time so as to determine whether the syn- 
chronization time is ahead of or behind the current time; 

a code discarding section for, if the synchroni- 
zation section determines that the synchronization time 
is ahead of the current time, discarding either com- 
pressed codes of one of the blocks next to the predeter- 
mined block or compressed codes of one of the groups next 
to the group including the predetermined block; and 

a reproduction delay section for, if the synchro- 
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nization section determines that the synchronization time 
is behind the current time, delaying output of either 
decoded signals of the compressed codes of one of the 
blocks next to the predetermined block or decoded signals 
of the compressed codes of one of the groups next to the 
group including the predetermined block. 

2. A compressed code decoding device according to 
claim 1, wherein the synchronization section comprises a 
timer for timing a clock and compares the synchronization 
time with an output from the timer as the current time. 

3* A compressed code decoding device according to 
claim 1, wherein the synchronization section compares the 
synchronization time with a video reproduction time as 
the current time, the video reproduction time being 
provided to a video signal which is reproduced in syn- 
chronization with the decoded signal, 

4 . A compressed code decoding device according to 
claim 1, wherein the synchronization section compares the 
synchronization time with a reference reproduction time 
as the current time, the reference reproduction time 
being provided to a code other than the decoded signal . 

5. A compressed code decoding device according to 
claim 1, wherein, the synchronization section compares 
the synchronization time with the current time by deter- 
mining whether the synchronization time is ahead of or 
behind the current time based on whether a value obtained 
by subtracting the current time from the synchronization 
time is greater than a predetermined threshold value. 
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6. A compressed code decoding device, comprising: 

a decoding section for receiving a plurality of 
groups of blocks of compressed codes and decoding each of 
the blocks of compressed codes; 

a buffer section for storing decoded signals 
decoded by the decoding section; 

a reproduction time acquisition section for 
acquiring a reproduction time at which to reproduce a 
predetermined one of the blocks; 

an output section for externally outputting the 
decoded signals stored in the buffer section; 

a detection section for detecting that the 
predetermined block of compressed codes has been decoded 
and output via the output section; 

a time setting section for externally setting a 
start time and a finish time of a gap provided between 
two outputs of decoded signals; 

an addition section for, at a time when the 
detection section detects that the predetermined block 
has been output, adding a time required for reproducing 
the predetermined block to the reproduction time acquired 
by the reproduction time acquisition section so as to 
produce a first synchronization time; 

a time detection section for determining whether 
the start time set by the time setting section is between 
the first synchronization time produced by the addition 
section and a second synchronization time, the second 
synchronization time being obtained by adding a time 
required for reproducing one block of compressed codes to 
the first synchronization time; 

a gap-based reproduction delay section for 
delaying, if the start time is between the first 
synchronization time and the second synchronization time, 
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until the finish time of the gap, output of either the 
compressed codes of the predetermined block or the 
compressed codes of one of the groups including the 
predetermined block. 

7. A compressed code decoding device, comprising: 

a decoding section for receiving a plurality of 

groups of blocks of compressed codes and decoding each of 

the blocks of compressed codes; 

first and second memory sections for alternately 

storing blocks of the decoded signals from the decoding 

section; 

an output section for externally outputting the 
decoded signals stored in the first and second memory 
sections; 

a block detection- section for detecting that each 
of the blocks of compressed codes has been decoded and 
externally output via the output section; 

a state section for indicating whether a decoded 
signal being currently output by the output section is 
from the first memory section or from the second memory 
section; 

a write control section for, at a time when the 
output of each of the blocks is detected by the block 
detection section, controlling a write operation of the 
block so that the block is written to one of the first 
memory section and the second memory section which is not 
indicated by the state section and alternately switching 
between read and write operations of the first and second 
memory sections . 

8. A compressed code decoding device according to 
claim 7, wherein the write control section controls the 
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write operation so that the decoded signals from a first 
and second ones of the blocks are respectively written to 
the first and second memory sections, while the decoded 
signals from a third one of the blocks are written to one 
of the first memory section and the second memory section 
which is not indicated by the state section. 

9. An audio decoding device for decoding N A (where N A >1) 
channels of audio signals by a sub-band synthesis opera- 
tion using sub-band synthesis filter data and sub-band 
signal data, the device comprising: 

a first memory section for storing M A (where M A < N A ) 
channels of the sub-band synthesis filter data and the 
sub-band signal data used for the sub-band synthesis 
operation; 

a second memory section for storing at least some 
of N A channels of sub-band signal data and N A channels of 
sub-band synthesis filter data; 

an operation section for receiving encoded audio 
data and decoding the encoded audio data into sub-band 
signal data, performing a sub-band synthesis filter 
operation using the data stored in the first memory 
section so as to output M A channels of decoded audio data, 
and requesting to switch positions of new sub-band 
synthesis filter data calculated by the sub-band synthe- 
sis filter operation and next sub-band synthesis filter 
data required; and 

a data transfer section for, based on the request 
from the operation section, switching, by M A channels, the 
sub-band synthesis filter data and the sub-band signal 
data in the first memory section and the second memory 
section. 
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10. An audio decoding device according to claim 9, 
wherein: 

the first memory section includes a first memory 
area for storing a channel of sub-band synthesis filter 
data and sub-band signal data and a second memory area 
for storing another channel of sub-band synthesis filter 
data and sub-band signal data; and 

the operation section transfers a j • th channel of 
data stored in the second memory section to the second 
memory area in the first memory section when performing 
a sub-band synthesis filter operation for an i T th channel 
(where: i = l to N A ; j=l to N a ; and j*i) using the data 
stored in the first memory area in the first memory 
section, while transferring a k'th channel of data stored 
in the second memory section to the first memory area in 
the first memory section when performing a sub-band 
synthesis filter operation for a j 1 th channel (where: k=l 
to N A ; k*i; and k*j ) using the data stored in the second 
memory area in the first memory section, thereby perform- 
ing in parallel a data transfer operation and a sub-band 
synthesis filter operation, 

11. An audio decoding device according to claim 9, the 
operation section comprising a continuous transfer in- 
struction section for instructing, when instructing a 
data transfer operation between the first memory section 
and the second memory section, a plurality of data 
transfer operations with a single issuance of instruc- 
tion. 

12. An audio decoding device according to claim 11, the 
operation section comprising a virtual address allocation 
section for providing virtual addresses following an 
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actual address at a termination point of the memory area 
in the first memory section which stores the sub-band 
synthesis filter data, allocating a start point of the 
virtual addresses to a predetermined actual address in 
the memory area, and sequentially allocating other ones 
of the virtual addresses to actual addresses. 

13. An audio decoding device according to claim 9 r 
wherein: 

the first memory section comprises, in addition 
to the first memory area and the second memory area, a 
third memory area for storing data not limited to use 
with the sub-band synthesis operation; and 

the operation section comprises a sub-band signal 
transfer section for, when a number of channels of input 
encoded audio data is three or greater, copying or 
transferring at least some of the sub-band signals for a 
particular channel stored in the first memory section to 
a particular area in the first memory section. 

14. An audio decoding device according to claim 9, the 
operation section comprising a sub-band signal addi- 
tion/subtraction section for performing addition and 
subtraction of the sub-band signals, in parallel with a 
transfer operation for the sub-band synthesis filter data 
from the second memory section to the first memory 
section after the encoded audio data has been input and 
decoded into sub-band signal data. 

15. An audio decoding device according to claim 9 , the 
operation section comprising an interleave section for 
taking samples of decoded data decoded by the sub-band 
synthesis operation, one sample from each of the chan- 
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nels, and rearranging the samples in a predetermined 
order, in parallel with a transfer operation for the sub- 
band synthesis filter data from the first memory section 
to the second memory section after a sub-band synthesis 
operation for a final channel has been completed. 

16. An audio decoding device according to claim 15, the 
interleave section comprising an interleave division 
section for dividing an interleave operation into r steps 
(where r>2). 

17. An audio decoding device according to claim 15, the 
interleave section comprising an interleave storage area 
selection section for selecting a data storage area in 
the first memory section to be used for an interleave 
operation depending on whether a number of channels to be 
decoded by the sub-band synthesis operation is even or 
odd. 

18. An audio decoding device according to claim 11, the 
continuous transfer instruction section comprising a 
specific data transfer completion detection indication 
section for indicating detected completion of a p ' th 
transfer operation out of q (where: q>l; and l<p<q) data 
transfer operations performed between the first memory 
section and the second memory section. 

19. An audio decoding device according to claim 18, the 
data transfer section comprising a specific data transfer 
completion detection transmission section for detecting 
completion of a p T th transfer operation out of q data 
transfer operations performed between the first memory 
section and the second memory section as instructed by 
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the continuous transfer instruction section and for 
transmitting to the operation section the detected 
completion of the p 1 th transfer operation. 

20. An audio decoding device according to claim 11, 
wherein: 

the operation section comprises a specific data 
transfer completion detection section for detecting 
completion of a p T th transfer operation out of q data 
transfer operations performed between the first memory 
section and the second memory section as instructed by 
the continuous transfer instruction section; and 

the operation section performs an s'th one of the 
r (where: r>2; and 2<s<r) steps of the interleave opera- 
tion after the specific data transfer completion detec- 
tion section detects completion of a data transfer 
operation for a specific area. 

21. An audio decoding device according to claim 11, 
wherein: 

the continuous transfer instruction section 
comprises a PCM data transfer instruction section for 
instructing a transfer operation of at least one channel 
of decoded PCM data between the first memory section and 
the second memory section when a number of channels of 
input decoded data decoded by the sub-band synthesis 
operation is t (where t>3 ) ; and 

the PCM data transfer instruction section 
temporarily transfers PCM data, for which the sub-band 
synthesis operation has been performed, from the first 
memory section to the second memory section and re- 
transfers PCM data which has been transferred to the 
second memory section to the first memory section in 



P16186 

- 112 - 

parallel with a sub-band synthesis operation for a final 
channel . 

22. An audio decoding device according to claim 11 , the 
continuous transfer instruction section comprising a PCM 
data storage area selection section for selecting a 
storage area in the first memory section to be used for 
a transfer operation of PCM data from the second memory 
section to the first memory section performed in parallel 
with a sub-band synthesis operation for a final channel 
depending on whether a number of channels of input 
decoded data decoded by the sub-band synthesis operation 
is even or odd. 

23. An audio decoding device according to claim 9, 
wherein : 

the operation section comprises a division 
decoding section for dividing decoding processes from 
sub-band signal generation to output signal generation, 
or decoding processes from sub-band synthesis to output 
signal generation, so as to equally divide a number of 
audio output signal samples per frame into y blocks; and 

a=bxcxy, where a denotes the number of audio 
output signal samples per frame for each channel of 
encoded audio signals, b denotes a number of sub-bands of 
the encoded audio signals, and c denotes a number of 
samples to be generated while processing one block. 

24. An audio decoding device for decoding N A (where N A >1) 
channels of audio signals by a sub-band synthesis opera- 
tion using sub-band synthesis filter data and sub-band 
signal data, the device comprising: 

a first memory section for storing at least one 
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channel of the sub-band synthesis filter data and the 
sub-band signal data used for the sub-band synthesis 
operation; 

a second memory section for storing sub-band 
signal data and N A channels of sub-band synthesis filter 
data; 

an operation section for receiving encoded audio 
data and decoding the encoded audio data into sub-band 
signal data, performing a sub-band synthesis filter 
operation using the data stored in the first memory 
section so as to output one channel of decoded audio 
data, and requesting to switch positions of new sub-band 
synthesis filter data calculated by the sub-band synthe- 
sis filter operation and next sub-band synthesis filter 
data required; and 

a data transfer section for, based on the request 
from the operation section, switching, by one channel, 
the sub-band synthesis filter data and the sub-band 
signal data in the first memory section and the second 
memory section. 

25. An audio decoding device according to claim 24, the 
operation section comprising a continuous transfer in- 
struction section for, when instructing a data transfer 
operation between the first memory section and the second 
memory section, instructing a plurality of data transfer 
operations with a single issuance of instruction. 

26. An audio decoding device according to claim 25, the 
operation section comprising a virtual address allocation 
section for providing virtual addresses following an 
actual address at a termination point of the memory area 
in the first memory section which stores the sub-band 
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synthesis filter data, allocating a start point of the 
virtual addresses to a predetermined actual address in 
the memory area, and sequentially allocating other ones 
of the virtual addresses to actual addresses. 

27. An audio decoding device according to claim 24, 
wherein: 

the first memory section comprises, in addition 
to the first memory area and the second memory area, a 
third memory area for storing data not limited to use 
with the sub-band synthesis operation; and 

the operation section comprises a sub-band signal 
transfer section for, when a number of channels of input 
encoded audio data is three or greater, copying or 
transferring at least some of the sub-band signals for a 
particular channel stored in the first memory section to 
a particular area in the first memory section. 

28. An audio decoding device according to claim 24, the 
operation section comprising a sub-band signal addi- 
tion/subtraction section for performing addition and 
subtraction of the sub-band signals, in parallel with a 
transfer operation for the sub-band synthesis filter data 
from the second memory section to the first memory 
section after the encoded audio data has been input and 
decoded into sub-band signal data. 

29. An audio decoding device according to claim 24, the 
operation section comprising an interleave section for 
taking samples of decoded data decoded by the sub-band 
synthesis operation, one sample from each of the chan- 
nels, and rearranging the samples in a predetermined 
order, in parallel with a transfer operation for the sub- 
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band synthesis filter data from the first memory section 
to the second memory section after a sub-band synthesis 
operation for a final channel has been completed. 

30. An audio decoding device according to claim 29, the 
interleave section comprising an interleave division 
section for dividing an interleave operation into r steps 
(where r>2 ) . 

31. An audio decoding device according to claim 29, the 
interleave section comprising an interleave storage area 
selection section for selecting a data storage area in 
the first memory section to be used for an interleave 
operation depending on whether a number of channels to be 
decoded by the sub-band synthesis operation is even or 
odd . 

32. An audio decoding device according to claim 25, the 
continuous transfer instruction section comprising a 
specific data transfer completion detection indication 
section for indicating detected completion 4 of a p'th 
transfer operation out of q (where: q>l; and l<p<q) data 
transfer operations performed between the first memory 
section and the second memory section. 

33. An audio decoding device according to claim 32, the 
data transfer section comprising a specific data transfer 
completion detection transmission section for detecting 
completion of a p 1 th transfer operation out of q data 
transfer operations performed between the first memory 
section and the second memory section as instructed by 
the continuous transfer instruction section and for 
transmitting to the operation section the detected 
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completion of the p ' th transfer operation. 

34. An audio decoding device according to claim 25, 
wherein: 

the operation section comprises a specific data 
transfer completion detection section for detecting 
completion of a p T th transfer operation out of q data 
transfer operations performed between the first memory 
section and the second memory section as instructed by 
the continuous transfer instruction section; and 

the operation section performs an s 1 th one of the 
r (where: r>2; and 2<s<r) steps of the interleave opera- 
tion after the specific data transfer completion detec- 
tion section detects completion of a data transfer 
operation for a specific area. 

35* An audio decoding device according to claim 25, 
wherein: 

the continuous transfer instruction section 
comprises a PCM data transfer instruction section for 
instructing a transfer operation of at least one channel 
of decoded PCM data between the first memory section and 
the second memory section when a number of channels of 
input decoded data decoded by the sub-band synthesis 
operation is t (where t>3 ) ; and 

the PCM data transfer instruction section 
temporarily transfers PCM data, for which the sub-band 
synthesis operation has been performed, from the first 
memory section to the second memory section and re- 
transfers PCM data which has been transferred to the 
second memory section to the first memory section in 
parallel with a sub-band synthesis operation for a final 
channel . 
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36. An audio decoding device according to claim 25, the 
continuous transfer instruction section comprising a PCM 
data storage area selection section for selecting a 
storage area in the first memory section to be used for 
a transfer operation of PCM data from the second memory 
section to the first memory section performed in parallel 
with a sub-band synthesis operation for a final channel 
depending on whether a number of channels of input 
decoded data decoded by the sub-band synthesis operation 
is even or odd. 

37. An audio decoding device according to claim 24, 
wherein : 

the operation section comprises a division 
decoding section for dividing decoding processes from 
sub-band signal generation to output signal generation, 
or decoding processes from sub-band synthesis to output 
signal generation, so as to equally divide a number of 
audio output signal samples per frame into y blocks; and 

a=bxcxy, where a denotes the number of audio 
output signal samples per frame for each channel of 
encoded audio signals, b denotes a number of sub-bands of 
the encoded audio signals, and c denotes a number of 
samples to be generated while processing one block. 
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ABSTRACT OF THE DISCLOSURE 

A compressed code decoding device of the present 
invention includes: a decoding section for receiving a 
5 plurality of groups of blocks of compressed codes and 
decoding each of the blocks of compressed codes; a buffer 
section for storing decoded signals decoded by the 
decoding section; a reproduction time acquisition section 
for acquiring a reproduction time at which to reproduce 

10 a predetermined one of the blocks; an output section for 
externally outputting the decoded signals stored in the 
buffer section; a detection section for detecting that 
the predetermined block of compressed codes has been 
decoded and output via the output section; an addition 

15 section for, at a time when the detection section detects 
that the predetermined block has been output, adding a 
time required for reproducing the predetermined block to 
the reproduction time acquired by the reproduction time 
acquisition section so as to produce a synchronization 

20 time; a synchronization section for comparing the 
synchronization time produced by the addition section and 
a current time so as to determine whether the syn- 
chronization time is ahead of or behind the current time; 
a code discarding section for, if the synchronization 

25 section determines that the synchronization time is ahead 

of the current time, discarding either compressed codes 
of one of the blocks next to the predetermined block or 
compressed codes of one of the groups next to the group 
including the predetermined block; and a reproduction 

30 delay section for, if the synchronization section deter- 
mines that the synchronization time is behind the current 
time, delaying output of either decoded signals of the 
compressed codes of one of the blocks next to the prede- 
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termined block or decoded signals of the compressed codes 
of one of the groups next to the group including the 
predetermined block. 
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d||ptication(s) for patent or inventor's certificate, or § 365(a) of any PCT international application 
\Sjhich designated at least one country other than the United States, listed below and have also 
iff|ntified below by checking the box, any foreign application for patent or inventor's certificate, 
qm PCT international application having a filing date before that of the application on which priority 
i§|claimed: 

FfHor Foreign Application^ 
*9-1 25425 



(Somber) 
W-1 25426 



(Ntiimber) 
Qo-006599 



Priority Not Claimed 

. ■ □ 
□ 
□ 
□ 

□ 

I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional 
application(s) listed below. 



(Number) 



(Number) 



(Number) 



Japan 

(Country) 

Japa n 

(Country) 
Japan 

(Country) 



(Country) 



(Country) 



1 5/5/ 1 997 

(Day/Month/Year Filed) 
1 5/5/ 1 997 

(Day/Month/Year Filed) 
1 6/01 /1 998 

(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



I hereby claim the benefit under 35 U.S.C. § 1 20 of any United States application(s), or 365(c) of 
any PCT International application designating the United States, listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States 
or PCT International application in the manner provided by the first paragraph of 35 U.S.C. § 1 12, 
I acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of the prior application and the 
national or PCT international fifing date of this application: 
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(Application Number) (Filing Date) (Status - patented, pending, abandoned) 



(Application Number) (Filing Date) (Status - patented, pending, abandoned) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith: 

Paul F. Prestia Reg. No. 23,031 Lawrence E Ashery Reg. No. 34,515 Eric A. Dichter Reg, No. P41.708 

Allan Ratner Reg. No. 19,717 Robert L Andersen Reg. No. .25,771 Mark J. Marcefii Reg. No. 36.593 

Andrew L Ney Reg. No. 20,300 Christopher R. Lewis Reg. No. 36,201 

Kenneth N. Nigon Reg. No. 31,549 Louis W. Beardell, Jr. Reg. No. 40,506 

Kevin R. Casey Reg. No. 32,117 Ian M. Hughes Reg. No. 41,083 

Benjamin E. Leace Reg. No. 33,412 Rocco L. Adomato Reg. No. 40,480 

James C. Simmons Reg. No. 24,842 Jacques L. Etkowicz Reg. No. P41.738 

Address all correspondence to: Andrew L. Ney 

jjtner & Prestia, Suite 301, One Westiakes, Berv/yn, P.O. Box 980, Valley Forge, PA 19482-0980 
Access all telephone calls to: Andrew L Ney at (610) 407-0700. 

I Hereby declare that all statements made herein of my own knowledge are true and that ail 
stfpfements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so 
m&$e are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
U rifled States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon, 

FuP|ame of sole or first inventor (given name, family name) Masaharu MATSUMOTO 



Inventor's signature 

y— . . , Katano 
Residence 



-shi , Osaka Japan 



Date April 23, 1 998 



Citizenship Ja P an 

Post Office Address 6-3-103, Myokenzaka, 

Katano-shi, Osaka Japan 



Full name of second joint inventor, if any (given name, family name) Takashi KATAYAMA 

April 23, 1998 



Second Inventor's signature / CutoiA^nZ \^xCn^^ Date ^ 

Residence Katano-shi r Osaka Japan / 

Citizenship Ja P an 

Post Office Address 6-3-308, Myokenzaka, 

Katano-shi, Osaka Japan 



Additional inventors are being named on separately numbered sheets attached hereto. 
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Full name of third joint inventor, if any (given name, famiiy name) Masahiro SUEYOSHI 

Date A P ril 23 > 199 



Third inventor's signature _ 

Residence Neyagawa-shi, Osaka Japan 
Citizenship Ja P an 

Post Office Address 22-7 / Kori-nishinomachi , 
Neyagawa-shi, Osaka Japan 



Full name of fourth joint inventor, if any (given name, family name) Shu j ^ ^IYASAKA 

Fourth inventor's signature y H^Jyij ^> Da te April 23, 1 998 

Residence Neyagawa-shi, Os&ka Japan 
Citizenship Japan 

Post Office Address 19-4, Narita-cho, 

Neyagawa-shi , Osaka Japan 



Fuk6ame of fifth joint inventor, if any (given name, family name) Takeshi FUJITA 

Fiftfhinventor's signature '^aAjz^Juf rt tX Date A P ril 23, 199* 

ReSdence Takatsuki-shi , Osaka Japan 
CitMlnship J a P an 

Pofibffice Address 3-15-101-302, Kamihamuro, 
« Takatsuki-shi, Osaka Japan 



Fuliirjame of sixth joint inventor, if any (given name, family name) Akihisa KAWAMURA 

SixW inventors signature /^^Xd^ ^M^^TTiM^r^ Date April 23, 1 998 

Residence Hirakata-shi , Osaka Japan 

Citizenship Ja P an 

Post Office Address 1-18-21-504, Higashinakaburi , 
Hirakata-shi, Osaka Japan 

Full name of seventh joint inventor, if any (given name, famiiy name) Tsukuru ISH1TO 

Seventh inventor's signature g^Afr*' ^ April 23, 1 998 

Residence Kyoto-shi, Kyoto Japan 
Citizenship Ja P an 

d *™r a^w 16-35, Uzumasa Horiike-cho, Ukyo-ku, 
Post Office Address i „ 1 — 

Kyoto-shi , Kyoto Japan 
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eighth 

mil name of tfrtasl joint inventor, if any (given name, family name) 

Eiji QTOMURA ^^^^J/^ 

Third inventor's signature &^ri (S^>ru<^c^ QateADril ?^ 1QQR 

Residence Ibaraki-shi, ^saka Japan " P 11 Z6 < 1 

Citizenship Ja P an 

Post Office Address 2-16-2-102, Hirata, 

Ibaraki-shi, Osaka Japan 

ninth 

Full name of f§£#th joint inventor, if any (given name, family name) Tsu Y°shi NAKAMURA 

Fourth inventor's signature >JLt ^W^f) /ll^ii^M ? r > p a te Apri l 23, 1 9 98 

Residence Kasuya-gun, Fukuoka-ken Japan " ' ~ 

Citizenship Ja P an 

Post Office Address 1100 ~ 1 ^ Onaka, Sasagurimachi, 
Kasuya-gun, Fukuoka-ken Japan 
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